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PREFACE

The work reported herein was conducted by the Arnold Engineering
Development Center (AEDC), Air Force Systems Command (AFSC). The results
presented were obtained by ARO, Inc., AEDC Division (a Sverdrup Corpora-
tion Company), operating contractor for the AEDC, AFSC, Arnold Air Force
Station, Tennessee. Elton R. Thompson was the Air Force project manager,
The work was done under ARO Project No. E32A-PQA, and the manuscript was-
submitted for publication on October 5, 1978.

The author of this report is a Computer Applications Analyst in the
Computational Services Branch, Facility Support Department, ARO, Inc.
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1.0 INTRODUCTION

Theoretical calculations of exhaust nozzle performance are often
required to aid in the evaluation of engines tested at the Arnold
Engineering Development Center (AEDC). In the past, most propulsion
nozzles have been axisymmetric and well-established computer programs
are available for computing the flow field in such nozzles. However,
future tests at AEDC will involve engines with three-dimensional (3-D)
exhaust nozzles, and no programs have been avallable for computing the
flow field in 3-D nozzles. Consequently, development of 3~D computer
programs for both the tramnsonic and superscnic portions of the flow was
initiated. This report describes the .supersonic computer program, which
is based on the method of characteristics (MOC).--.0f course, the compu-
ter program described herein 18 not limited to computation of propulsion
nozzle performance, but is also applicable te many other 3-D supersonic

internal flows.

Except for the boundary-layer region near the wall, supersonic
nozzle flow can be computed with adequate accuracy by assuming the fluid
to be inviscid and adigbatic. In addition, most nozzle flows do not
contain strong shock waves, so the nozzle performance can be adequately
predicted by assuming the flow to be shock—free. However, because of
flow phenomena upstream of the nozzle entrance, the flow in propulsicn
nozzles 1s often significantly rotational. The rotationality of the

flow enrering the supersonic reglon persists throughout the flow £ield,

In this study, the rotational MOC was chosen as the basis of the
numerical analysis. The mathematical theory of characteristics is
well established, and many computer programs have been based on the
method, particularly for planar and axisymmetric flow. Several programs
have been developed to compute the flow over 3-D bodies (e.g., Refs. 1
and 2) and special types of 3-D internal flow have been solved with the
method (Ref. 3). However, few attempts have been made to compute

general 3-D supersonic internal flows with the MOC.
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2.0 GOVERNING EQUATIONS

In this section, the governing flow equations and the resulting
characteristic equations are presented. These equations are well docu-

mented in the literature {(e.g., see Ref. 1}; therefore, no development
will given,

2.1 EQUATIONS OF MOTION

The steady, invisecid, 3-D flow equations for an ldeal gas are:

Continuity:
u§£+v6_"+wgﬁ+p(a_“.vﬁ+a_w)=0 e))
dx dy dz ox dv  dz
Momentums:
du . du , gu Lop _
Ut s vt win + —Zh =D
dx dy o« P dx (2)
v av dv 1 dp
U =~ V| - W e + =
du dy dz P dy (3)
Ua—w+va_w+w§3+l@=0 Y]
ox dy oz P oz
Energy:
ua_h+vé.|l+wa_h__l(uai—va_}'+wa_p)=0
dx dy dz P\ ox dy gz (5)
State:
p=-pAT (6)
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2.2 CHARACTERISTIC EQUATIONS

The equations of motion give rise to two sets of characteristic
surfaces. The defining equations are

{uf, + vfy + wfa)2 =0

(7

and

2 2 f 2 2
(ugx+vgy+wgz) - a (.gf.,. o +gz)=0

Oy

(8)

where f (x, y, 2) = 0 and g (X, ¥, z) = 0 are the characteristic surfaces.

The first surface is composed of streamlines and the second is the Mach

conoid. The equationr of a ray, or bicharacteristic, of the Mach concid

may be expressed as

dx = (cos Asinéd - sin B cos § cos 8) dL (9)
dy = (cos Bcos fsing — sin B (sin §sin ¢ cos § - cos ¢r sin 8))dL (10)
de = (cos B cos Bcos yy ~ sin B (sin B cos i cos § + sin ¥ sin 8)) dL (11)

where 8 is the Mach angle, dL is the distance along the bicharacteristic,

§ 1s a parametric angle, and 6 and { are related to the velocity vector
by

u = qsinf (12)

v = qcos fsin

(13)
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w = qcos fcos ¥ ’ (14)

The parametric angle 6 lies in & plane normal to the velecity
vector and is measured from the plane containing q and x. The rela-

tionships between the variables are shown in Fig. 1.

}

Figure 1. Coordinate system.

2.3 COMPATIBILITY EQUATIONS

The compatibility equations are determined by the flow equations
and the requirement that the derivatives in a direction normal to the

characteristic surface disappear. The compatibility equation which
applies along the Mach conoid is
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colB I o 059 4 cosGsins
pq® L al. dL 15)

- sinp (cosﬁcos 59 _ sinBQQ) = 0
daN aN

where %f and %ﬁ are derivatives along and normal to the bicharacteristic.

The compatibility equations along a streamline are

Y RaT - L
¥y 1 P

dp (16)
and
5 dp =~ qdg (a7
3.0 NUMERICAL PROCEDURE

The numerical procedure is gimilar to the one developed by Strom
(Ref. 1) for external flow. The method traces streamlines from a known
reference plane to the next reference plane as iilustrated in Fig. 2 for
a field point. The flow properties at approximately equally spaced
points on an initial plane normal to the.z axis are assumed known. The
reference planes throughout the flow field are assumed to be normal to

the z axis.

3.1 METHOD OF SOLUTION

A new reference plane ig located a distance dz from the initial
plane. This distance.must be determined such that the Courant-Friedrichs-
Lewy (C-F~L) stability conditions are satisfied (Refs. 1 and 4). The
C-F-L stability conditions are satisfied if dz 1is smaller than the
minimum intersection distance of the Mach conoids from the initial

points.
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New Reference Plane

Initial Plane

e Known Points in Initial Plane
O Point in New Reference Plane (P2)
x Polnts in Initial Plane on Bicharacteristics from P2
——- Streamline
—-—Bicharacteristic
——Domain of Dependence of Difference Network
—— Domain of Dependence of Differential Equations

For the C-F-L stability conditions to be-satistied, the domain of
dependence of the differential equations must be contairied within
the domain of dependence of the difference network.

Figure 2. Field point network.

The intersection of a streamline from a point P1 in the initial
plane with the new reference plane locates point P2' Four bicharac-
teristics, 90 deg apart, from P2 to the initial plane yleld points P3,
P4, PS' and P6'

The properties at P1 and eight surrounding mneighbors in the initial
plane are surface fitted. The flow conditions at points P3 - P6 are
evaluated from the surface fit, The compatibility equations are applied

10
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along the bicharacteristics and the streamline to obtain the flow condi-
tions at PZ' This procedure is iterated until the flow conditicns at P2
converge, When all points on the new plane are determined, the new

plane becomes the initial plane for the next calculation.

3.2 WORKING EQUATIONS

Several of the computational steps are the same for both field
points and body pocints, These common phases of the procedure will be
discussed first. Then the computational steps required for field and
body points will be presented individually.

3.2.1 Common Procedures

The surface f£it of the flow properties at P1 and eight neighboring
points in the initial plane is made once in the iteration procedure to
obtain P2 and its properites, The fit chosen is a spline surface fit
(Ref. 5) which fits a variable w as a function of x and y:

[
w (x,}'] = ao + x4+ ag ¥ + Ehiri2 In |-i2 (18)

i=1

where
"i2 = (x-—xi)2 + (Y‘Y:i)z

Five variables are fit: p, p, q, 8, and ¢. The surface fit is used to

evaluate the variables at P3 - PG' The partial derivaties-%; and

%; are also evaluated using this fit:

g;"f = a; + .2z,:bi (1 + In rf)(x—xi) (19)
: P

11
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g—=u ; 22*’ (el )y-v) (20)

38
N
& bicharacteristic must be obtained., The procedure for evaluating them

The derivatives and %% used in the compatibility equation along

is the same; therefore, only the procedure to obtain —— 38

N will be giwven.

Write ﬁ as

oN
2 -@,6),6. 6,6, &) g
Fn)fa—x,iawi 3y 5%/ | (21
. ag 28 EL:
The derivatives E;-and Eg-are pbtained from the surface £it. Then, 3z
is obtained by writing the equation as a difference equation and solving
38
for — Nz °

30 of '
e ) 6o (@) 6o @

The derlvatives normal to the bilcharacteristic are obtained from the

coordinate transformation as

!

'3_") = — cos 6 sin 5.

(JN | cos @ sin §; (23)

(6_5) = sin @sin ¥ sin §;, + cos t cos §; (24)
aN/s,

(?) = sin # cos ¢ sin ai - sin ¢ cos &; (25)
N/ .

The final form of -5-}—1- becomes

@) - (@), @) &)
< (@) o) () 6] @) /i cofZ) /, 26)

12
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For the first iteration, the flow properties at P, are assumed to
be the same as at P1. Thereafter, the last computed values are used.
In the sections on the field point and body point, the average values of
flow properties are the averages of the two points involved in the
calculation (for example, 9 = (51 + 62)/2).

3.2.2 Field Paint Routine

Given an initial field point P, and eight neighboring points in the

1
initial plane (Fig. 2}, spline surface fits of p, 0, q, 8, and ¢ as

functions of x and y are made. The iteration for the point P, and its

2
flow properitees consists of the following steps.

Step 1,

The intersection of the streamline from P1 with the new reference

plane locates the new field point P2.

12 = x] - sin# dz_,-’(cos f cos !;’) LA (27)
Yo = ¥1 + sin \fl dz/cus t,fl (28>
SR (29)

Initially © and p are the values at PI' Successive l1terations use the

average of € and y at P1 and Pz.

Step 2

Four bicharacteristics extended from P, to the initial plane give

2
the base points P PS’ and P6' The flow properties at P2 are

3’ Pf'!

13
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assumed to be the same as those at P1 for the first iteration. There-
after, the flow properties at P2 are the last values computed. The
bicharacteristics are located at the parametric angles § = 0, %3 T,

and-gg. The equations for the base points are

Xj = X, = (cos B sin @ - sin B cos 8 cos §;) dL, ¢30)

Yi = ¥o —-=|E:nsﬁ cos @ sin ¢ — sin 8 (sin g siny cosd; — cos ¢ sin Si)]dLi {31)

2p = 21 (32)

dL; = d?/[:os B cosd casyy — sin B (sin & cos ¢ cos §; = sin ¢ sin Si):l (33)

For the first iteration, the angles B, 9, y, and § are those at P

2 and Pi'

2-
Successive iteratiens use the average of the values at P

Step 3

The compatibility equations aleng the bicharacteristics are éolved
for p, 6, and } at P2. Only three of the bicharacteristics are required;
however, to improve accuracy, four sclutions are obtained using three
bicharacteristics at a time. The results of the four solutions are
averaged to obtain the values of p, 6, and ¥, The compatibility equation
in difference form is
cot B,

2 (P2 - Pi) + cos 31 (62 - 9;) + COS ei Siﬂ 31 (l,bz‘-l,{li)
Pi 9 (34)

+ sin B, lcos B, cos ai(t;?—]';’,-&)i ~ sin Bi(g—g)).dl,.i =90

i4
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The equation contains the three unknows P2, 62, and wz. ThéJéomthi-
bility equations using P3, P4, and P5 are solved simultaneously for
Pyqs 994 and ¥y - similarily, (P4! Pg, P6), (Ps, 36’ Pg)’ and (P6. PS’
P4) are used to obtain wvalues of p, 6, and Y. Thus, P2 = {P21 + P22 +
P23 + P24)f4. In the compatibility equation, Bi’ Pys y» and Gi are

and P,.

the average of the values at P2 1

The varlables Pos Tz, and q, are obtained from the compatibility
equations along the streamline. The flow along a streamline without
_shocks 1s isentropic. Therefore, the equations Integrate to the

following forms for an ideal gas:

r-1
o Y
£ ] r 2
12 = rl.s(;;) (33)
Py = RTyfP, (36)
. ¥ ;
9 = \/2 -1 (T~ Ty (37)

where Tts and P, are the stagnation values for the streamline,
Step 4

The preceding steps are repeated until the flow conditions at P2
converge. If there 18 no convergence after 25 iterations, the results
are checked with a reduced convergence criterion. If this is satisfied,
the point is accepted and a message printed. Otherwise, the program

terminates.

15
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3.2.3 Body Point Routins

Given the properties of an initial body peilnt P, and those of elght

1
neighboring points on the initial plane (Fig. 3}, spline surface fits

are made. The body surface 1s assumed to be given by
B (x, ¥, z) =0 ' _ (38)

where B is either a known function or a surface fitting element In the
region of the body point, The iteration for the new body point Pz, in
the new reference plane, and its flow properties consists of the

following steps:

Step 1

The new bedy point P2 ig located at the intersection of a plane
through P1, defined by the body unit normal and the unit velocity vector
tangent to the body at P1, with the body surface at the new reference

plane. This requires the simultanecus sclution of the foilpwing equatlions:

B (x, ¥, z) =0 ! {39)

and

(nﬂ cos # cos - n; cos  sin l,b) (x - xl) + (n] sin 0 (40)

~ ngcos § cos l,r":) (y -~ }'1) = (n3 sinf - n, cos 8 sin t_.-‘;)dz

where n, n,, and n, are unit normals to the body surface. The first
iteration uses the values of 8, ¥, n1, n,, and N4, at P1. Succgssive

iterations use the averages of the properties at P1 and PZ'

16
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Step 2

This step 18 similar to Step 2 of the fileld point routine. However,
only three bicharacteristics are used for the body point calculations.

The parametric angles used are

83 = arc cos (-—nl sin fcos ¢y + mycos @ — nysin dsin u'ﬁ') ¢41)
8y = % - iy (42)
B = 8, - 7y . (43)

Step 3

The compatibility equations along twe bicharacteristics are solved
simultaneously with the conditlion for flow tangency to the surface at
Pz. The squation for flow tangency, which provides an additional rela-

tionship between 9, and ¢2 may be expressed as

2

D)y cos @y cos Yy + nogsin By + nypeos Gy 8inghy = 0 (44)

where 095 Oyogs and n,, are unit normals to the body at P2' A Newton-

32
Raphson routine is used to solve this system of equations. The base
points P3 and P4 are used to obtain p21’ 621, and w21; P3 a?d P5 are
used to obtain Pags 922, and w22' These two results are averaged to

obtain the values at p, (p, = (p,, *+ p22)£2).

The compatibility equations along the streamline are solved the
same way as for the body point yielding Pys dgs and TZ'

17
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éteg 4

The iteration procedure for the body point is the same as the

. procedure used for the field point.

Body Surface

Py .

P

New Reference Plane

I nitial Plane

@ Known Points in [nitial Plane
©  Point in New Reference Plane and Body Surface (Pg)
X Points in Initial Plane en Bicharacteristics from P
— Streamline
~—-— Bicharacteristic
---— Domain of Dependence of Difference Network
—-=- Domain of Dependence of Differential Equations

Figure 3. Body point network.

3.24 Computer Program

The preceding equations were programmed in FORTRAN IV language for
solution on an IBM 370/165 computer. A description and listing of the
program is given in Appendix A, and an example problem is gilven in

Appendix B. The program requires a storage capacity of approximately
192,000 bytes.

18
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4.0 RESULTS AND DISCUSSION

The present 3-D MOC program was evaluated by computing the flow in
a typical axisymmetric nozzle, With y = . 1.24 and uniform flow in the
throat, the nozzle produces an exit Mach number of 4.1. The 3-D MOC

computations were done in three different ways (see 4),

/
T~

- q_ and
Z AXis - Case 1

—

ft—

« Z AXis - Case 2

== Starting Plane Plane—~—
{Nonuniform Flow)

5

¢
_p—i"/* T 2 Axls - Case 3

Figure 4, Geometry for test cases.

.§'

Case 1 - The z axls was aligned with the geometric centerline

of the nozzle.

Case 2 - The z axlg was parallel to the nozzle_ centerline but
was displaced by a distance of 10 nozzle throat radii;
thus, the z axis for the flow field is completely outside

the nezzle,
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Case 3 — The z axis was rotated 5 deg relative to the nozzle
- centerline. In this case, the flow in the starting plane
is nonuniform and was obtained by interpolation from the

flow field predicted for case 1.

The predicted wall Mach number distribution for case 1 is showm iﬁ
Fig. 5 along with the predictions of the Lockheed axisymmetric MOC
computer program (Ref. 6) which is well verified and widely used. The
regults from the two programs are in good agreement. At the nozzle exit
plane, the circumferential variation of wall Mach number calculated by.

the 3-D MOC program 1s much less than one percent.

5 —
4 - Sy -0
£
=z 3
3 2 — LISC MOC Program
= © 3-D MOC Program
= 1|
0 L ] | | | _1
0. 4 8 12 16 20 2

Distance along Nozzle Centerline, z/r®

Figure 5. Results for z axis aligned with nozzle centerline.

The results of the three 3-D computations are compared in Fig, 6
where it is seen that the three predicted wall Mach number distributions

are essentially identical.

4
These computatioms of axisymmetric nozzle flow, done the "hard way"
with the 3-D MOC program, indicate that the program 1s acceptably accu-
rate and is capable of computing the-supersonic flow in complex configu-

rations.

20
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5 —
=
= 3
S — 7 Axis Aligned with Nozzle Centerline
2 © zAxis Displaced 10 r*
g 1L A 7 Axis Rotated 5 deg
0 | | | L [ ]
0 4 8 12 16 20 24

Distance along Nozzle Centerline, z/r*

Figure 6. "Results of 3-D MOC program.

In each of the test cases, 346 streamlines were traced throughout

the flow field. For cases 1 and 2, 78 reference planes were computed

which required a CPU time of approximately 25 min., Fewer reference

planes were computed for case 3, with a corresponding reduction in CPU

time.

5.0 CONCLUDING REMARKS

The results obtained for an axisymmetric nczzle with the 3-D MOC

computer program are acceptably accurate., However, additional verifi-

cation of the program is clearly required. The predictions of the code

should be compared with experimental results for 3-D supersonic flows,

whenever adequately detailed experimental results become available.

Two extensions of the 3-D MOC computer program are recommended.

First, the program should be modified to include a constant-pressure

free boundary condition for part of the flow field. This modification

would permit the computation of the exhaust plume from a 3-D nozzle,

The second recommended modification 1s the inclusion of shock formation,

both within the nozzle and in the exhaust plume.

21
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APPENDIX A
DESCRIPTION OF COMPUTER PROGRAM

DESCRIPTION OF ROUTINES

NANE

MAIN
BDYFIT
BODY
CARDIN
CuT
DELTAF
DIsT
FIEED
F IND
FINDBP
FIT
IDENT
INGEOM
INPUT
NE IGH
NEWRAP

NDRMAL,

CUTPUT
SIMQ
SOL vap
SORT
THREED

FUNCTION

CALLS CARDIN, INGEUOM, INPUTs AND THREED

CURVE FITS BODY IN AREA OF INTEREST

BODY POINT ROUTINE

READS AND PRINTS INPUT CARD IMAGES

INTERPIHLATES THE BODY GEOMETRY IN CURRENT PLANE
COMPUTES THE BICHARACTERISTIC ANGLE DELTA
COMPUTES MIN. DISTs OF CHARACTERISTIC INTERSECT IONS
FIELD PUOINT RCUTINE

LOCATES POINTS NEAREST YC GIVEN POINT

LOCATES BODY GEOMETRY PCINT NEARESY GIVEN POINT
SURFACE FIT ROUTINE

WRIFYES HEADER AND TRAILER LABELS ON PLOTS

READS GEOMETRY [NPUT

READS STARTING PLANE INPUT

1OCATES (OR READS) 8 NEIGHBORS OF EACH INPUT POINT
NEWTON-RAPHSON ROUTINE .
COMPUTES THE NORMAL VECTOR TO THE BODY SURFACE
CONTROLS PRINTEDe PLOTTED, AND TAPE QUTPUT
SOLVES SYSTEM OF SIMULTANECUS LINEAR EQUAT [ONS
SOLVES FPDR THE LUCATION OF A BODY POINTY

SORT ROUTINE

CONTROLS THE 3-D CALCULATICNS
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INPUT NOMENCLATURE

G
HEAD
(DRUG( 1)

MV

INEIGH

iPLOT
Iveed

ITYPE

IT11
rT12
IALL G I ]
JMA X
JPT
NBT
NE( J+K)
NPTS

MK AYS
"NE

RATIO OF SPECIFIC HEATS
PROBLEM DESCRIPTION
SPECIAL PRINT FLAGS

=0 NO PRINT; =1 PRINT

108UGY 1) PRINT INPUT GEUMETRY

IDBUGE 2) PRINT FIML GECMETRY

I0BUGE 3) PRINT INITIAL PLANE INPUT

108UGC 4) PRINT FINAL INITIAL PLANE DATA

10BUGL S) PRINT NEIGHBORS

IDBUG(11) PRINT NORMAL CALCULATION
INITIAL PLANE DATA TYPE

IMv=0 Q THETA PSS

IMy=1 M THETA PSi

IMy=2 w» U Y
NEIGHBOR CONTROL _ .

INE IGH=0 NEAREST PDOINTS ARE NEIGHBORS

INE IGH=al SPECIAL CCMPUTATICN OF NEIGHBDRS

INETIGH=2 READ NEIGHBORS FROM CARDS

IF [TYPE=0 AND INEILGH=0,
=0 NC PLOTSS =1 PLCTS _
COORDINATE SYSTEM FOR BODY POINTS AT THIS STAT{ON

INEIGH IS SET TO 1

IT{I¥=0 RECTANGULAR CCCROINATES
IT(LY=1 PCLAR CCCRODINATES
IT(I¥=2 PCLAR CCORODINATES ~ AXISYMMERIC

COORDINATE SYSTEM FOR STARTING PLANE INPUT

1TYPE =0 PCLAR CCCRDINATES -~ AXISYMMETRIC
TTYPE=1 PCLAR COCRODI NATES
I1TYFE=2 RECTANGULAR CCORDINATES

FLOW FIELD TAPE CUTPUT
BODY DATA TAPE OUTPUT IT12=0 NC TAPE:
NO. CF 800Y PCINTS AT THIS STATION
MAXIMUM NO, OF PLANES TO BE COMPUTED
PRINT EVERY JPT PLANES
=0 INPUT FOR FIELD FCINT: =1 INPUT FOR BODY PODINT
THE J-=TH NEIGHBOR OF THE K-TH POINT
TOTAL NOs. OF POINTS IN STARTING PLANE

IF ITYPE=0 NO. OF POINTS ON A RAY
NO. OF RAYS IF ETYPE=03 CTHERWISE NOT USED
NO. OF STATICNS OF BODY GECNETRY INPUT

[T11=0 NO TAPE; ITll=1 TAPE

ET12=1 TAPE
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INPUT NOMENCLATURE [CONT.}

PLI)
PSI(L)Y
PTIICLT)
PTO
Qi)

RO
THETALL)
TTO

Xt1)

XC{ Jel}
¥Yili}

YC{J+1)
FAul N @ ]
ZMAX

Z0o

PRE SSUKE :
ANGLE SHOWN IN FI1G, 1: OR V IF fuv=2
TOTAL PRESSURE AT POINT (IF 0.,0. SET TO PTO)}
TOTAL PRESSURE FOR IRROTATICNAL FLOW
VELOCITY [F IMV=D3 MACH NUMBER IF IMv=13:
GAS CONSTANT
ANGLE SHOWN IN FIG. 13
TOTAL TEMPERATURE
POINT IN STARTING PLANE
X IF ITYPE=2; R IF ITYPE=0 OR 1 :
BODY POINT X IF [¥(I})=0% R IF IT(I)=1 OR 2
POINT IN STARTING PLANE .
¥ IF ITYPE=2% ANGLE LIF [YYPE=0 OR 1
BODY POINT ¥ IF ITCI)=0: ANGLE IF IT(I)=1 OR 2
Z LOCATION OF BODY STATION
MAXIMUM Z LOCATION FOR CALCULATIONS
Z LOCATION DF STARTING PLANE

w IF [Mv=2

OR VU IF IMV=2
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INPUT CARDS IN ORDER READ

CARD

1

2

FORMAT

(20A4)

(80I1)
(15)

(215:E10.,0)
({8E10.0)

CCHRTENTS
(HEAD(L} ol =1.20)
(IDBUG(I)»I=1.,80"
NS

IVIE)} «ITLLY £ ZC( T
(ACT JeI} aYCLJoL) 4= IVHL))

READ CARDS & AND S NS TIMES

(4EL2 0. 0]

L2E192.0,1015)

(7£10.0415)

(9110Q)

G+PT0 «TTO RO

ZOZMAX oL TYPE ¢ IMVNPYTS s NRAYS ¢ JMAX,
JPTeIPLOTSITL1ITI2+INEIGH

XOI) oY ULV uPLIY QUL ) THETALLD+PSLI{L},
PTO(I) .NBPF -— READ NPTS CARDS

(Ks(NE{ JoK) 2 J=14B) 2 I=14NPTS)

READ CARD 9 ONLY IF INEIGH=2
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NN AROYNAN AN ON

20

21

99

THREE OIMENSIONAL DUCT FLOW SRRO0BBE

SIMPLIFIED

VERSION WITH FOLLOMING ASSUMPY IONS

NGO INTERNAL SHOCKS

IDEAL GAS

UNLT FUNCTION

5 CARD INPUT

6 PRINTED OUTPUT

10 PLOTYED QUTPUT .
11 FLOW FIELD OUTPUT
12 BODY ODUTPUT

8 WORK DATA SET

OVERLAY STRUCTURE

QVERLAY A

INSERT CARDINsINGEQM.TNPUT ¢ NEIGHF INDy SORY

DVERLAY A

INSERY THREEDCUTFITHDIST +5IMQeDELTAF

OVERLAY B

INSERT FIELD

OVERLAY B

INSERT BODY..FINDSBP,SOLVBP.NORMAL . BDYFIT, NE¥RAP

OVERLAY B

INSERT OUTPUT

COMMON /TITLE/HEAD(20)
COMMON/IDEBUGZIDBUGLA0)

COMMON /STAG/DUMMY{1207)+IPLOT,IT11,1IT12

DATA ISTRP/D/S
FORMAT{20A4)
FORMAT{2011)
CALL CARDIN
CONTINUE

READ{B8+1 +END=99IHEAD

READ( 8,2} IDBRUG
CALL [NGEDOM
CALL INPUT
IF{IPLOT.EQ:O}
IF{ISTRAP.NE.O)
I STRP=1

CALL IDENTYI(1}
CONTINUE

CALL THREED

GaO TO 20
CONTINUE
IF{ISTRP.NE. D)
sSTOP

END

GO TO 21
GO TO 21

CALL IDENT{21
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SUBROUTINE BDYFITIA«BoCoXBeYBsI+IT)
IMPLICIT REAL#B(A-H.0-Z)

REAL 4 DUMMY{S5051) +XB8(501.YB{50)
COMMUON /GEOM/DUMNY ¢NP

IT=1 X=C

IT=2 ¥=C

IT=3 AX+BY=C

IT=4 (X=A) %¥%2+(Y~-B) &%2=C
IM1=[-1

IF{1.EQa1) [M1=NP
X1=XBLIM1) )

Yi=va{1IML1)

X2=XB{1)

Y2=¥YB(I)

IPI1=1+1

IF(T1.EQ.NP} 1P1=1

X3=XB(IP1}

¥Y3=YB{IP1}

IF({ X1 .NE+X2)s0ORs (X1NE.,X3}) GO TO 21
[Vv=1

A=1.0

B=0.0

c=x2

RE TURN

CONTINUE

IFCLY1 NE.Y2).0R.{Y1.NE.Y3)) GO TO 22
§T=2

A=0.0

B=1.0

Cc=y2

RE TURN

CANTINUE

R1I=X1$%24Y1 %42

R2=X2&$24 Y2 842

RI=X3I24 YI 442

DX21=2.,00%( X2-X1}
DY21=2,00%(Y2-Y1}
DX32=2,D 0% X3-X2)
DY32=2.,D0%{Y3I-¥2)

"IFI{DX21.NE. 0.00) GO TO 23

DX21=2.00%( X3~-Xx1}
DX32=-0DX32
DY21=2.00%(Y¥3~-Y1)
DY32=—DVY32

H=R2

R2=R3

R 3=H

GO TO 24

CONTINUE

IFIDXI2.EQ«0.D0) GO TD 25
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24

25

IFLIDY21/DX21) «NE L (DY32/DX321)

[T=3
A=-DY21/DX21
B8=1.D00
C=Y1+X1%A
RETURN
CONTINUE

I1T=4
A={R2-R1}/D0Xx21
B=R3=-R2
C=DY21/DX21
H=0Y¥32
IF{DX22.EQ.0.D0} 60 Ta 25
B8=B/DX32-A
H=H/DX32-C
CONTINUE
B=8/H

A=A-B#*C
C=R1-2.000( ASX1+8%Y])
C=C+BES2+AX%E2
RETURN

END

30
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SUBROUTINE BCDY{(I)

IMPLICIY REAL$8{(A~H.0~2)

REAL #3 ZD¢XN{1000) ,YN{1000) +PN{1000}»RN{1000)}: GN(1000),
#PSN{1000) + ZE 2 X(10007 +Y(1000) »P{10000)+RHO(1000),
#Q{1000) . THETA{1000) ., %XB(50) .YBI(S0),:XB0O(S0),YBU(S501),
#TN(1000) +PSI (1000}

© COMMON /NVALUZZD o XNsYNasPNoeRNe GN+ TN, PSN

COMMDN /VALUE/ZE o X oY 4P yRHO 3 Q«THETALPSIWN

COMMON 7B8CUT/XB +YB
COMMON /70CUT/XBO,.YBC

COMMON /DGAS/DZ2+GsRO4GML 4GM1Hs GM1GsGGM14GP1le GPGM

COMMDN/IDEBUG/108UGT180)

REAL ®8 N11eN21 ¢N31 oN124N22+N32+N1sN2+N3

COMMON /POINT/X1 oY1 oP19R1 Q1 sT1sTHLsPS131BEL4X24:Y2:P 2y
BPR2:02: T2 s THZ ¢PS2:BE2 4P20+T20:,PSALOELI(A)}PI{A),THI(A),
P II(4)+BEIC(A) +XT€3)+sYI{A)SDETL(S}oDXEA)sDY(4)DLIA),
EKPP{Ss4)2:T12:P12+B12,:721(4) +P21(4),821(4)+D21(4)

COMMON AFLDOBDY/SINTIZ2+COSTI1Z,,SINPL12,CDOSP12,5INBL2,
*COSBL2+.SIND2I(4) sCOSD2I{41+,SINT21(a)COST21ILA4},
ESINP2I(4) COSP2I1{a)+SINB2L(a) COSB2I(4)+DXON{4 ),
EDYDN{4) +DZDNIA) +DTOX {43 ,DTDY(4).DTDZ(4).DPDX(4),
*¥DPDY{ &) sDPDZ(4) sDER{(2+5) s AL{ 348} sCR{A ) s AM(3s3) 2 CM{3:4)

1 FORMAT(*0 FAILED TN BODY AT POINT " 2 [Se5Xs?21="¢,

RIPE12s 55X 'DZ=3E12 ,5//5X 4" X1 =% E1245¢5Xe"Y1=*E12.5¢
SN s TPLI = E Ll 2GS0 Xa T TI=S 4EL 2,545 X 9 'PS1=',EL12.575X,y * X2="
By EL 2eS oK s 'Y 2= "3E1 205 25X 9 "P2="gF1 255X *'T2=",E12.5+5X
Ky 'PS2=0 3 E12,5/45Xs "P2O=4E1245+4X o *'T20=4EL12450 80X, -
*IPS20=v,E12,5//7)

X1=x{(1)

¥i=v(1)

P1=P(I1)}

RI=RHOLL)

Ql1=Q{1)}

THI=THETA{I)

PS1=PSI{(I)

T1=P1/(RO*R]1)

SINTI=DSEIN{ TH]1)

COSTi=DCOS{THL)

SINPI=DSIN(PSY) 5

COSP1=DCOS({PS1}

BE1=DARSINI(DSOQRTI(G*P1/R1)/7Ql)

P2=pl

R2=R}

Qa2=01

TH2=TH1

PS2=PS1

T2=T1

BE 2=BE1

CALL FINDBPIX1+Y]l +XBO.YB0D,I18P1)

CALL BDYFIT(A]l +Bl1.+C1,:XBO:YBO:IBPLILIT1)
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CALL BDYFIT{AZ+82+C24+XBYHB:I[BP1,1T2)

CALL NCRMALUX13Y14ZEsALl sB1sCLlaNLL4NZ1oeN3141IT 1, 18P1}
CALL NORMALIUX1 +¥Y1 o ZE*+DZ A2 ¢B24C2sN12sN224N32,1IT24 IBP1)
DEL{1)=DARCOS{=N]11#SINT1RCOSP1 #N21*COSTI-NI31%SINT1*
*SINPL)

IFIN31.,LT.0.00) DELI1)=6,283185307D0—-DEL(1)
DEL(2)=DEL{1)-1.5T70796327D0

IF(DEL{2)eL.Ta0,00) DELI2)=6.28318530700+DEL(2)
DEL{3)Y=DEL{1)+1.570796327D0
IF(DEL{3)+GE.+&,28318530700)
FELI I)=DEL(3)—-6.,283185307D0 .

DO 21 IT=1.4

THI{IT}=TH1

PII(LIT)=PS]

BEI({IT)=BEl

DEI(IT)=DEL{IT)

CONTINUE

1BP2=18P1

¥Y2=¥1

DO 2S5 1T=1 .25

T12=0.5D00%( TH1+TH2)

PLl2=0.5D0W[PS1+PS2)

Bl12=0.,5D0%(BEL1+BEZ)

SINT12=DSIN(T12)

COST12=RCOS5(T12)

SINP12=DSIN(P12)

COSP12=DC0S(P12)

SINBL2=DSIN(B12)

COSB12=DC0OS({812)

N1=0.SDO¥%{N1L1+N12)

NZ2=0D+5D0%IN214¢N221}

N3=0.SDOK{N31+N32)

CCI=NI#COST12+COSPL2~N] *COST12%S1INP]1 2
CC2=N1#SINT12-N24#COST12%C0OSP12
CC3=I(N3ESINT1I2-NZ*COSTI123SINPL2)*DZ+CC1EX1+CC2%Y]
Y20=Y2

IBP=IBP2

X20=X2

CALL SOLVBPIX2 o¥2 ¢ CC1 4CC2:CCI4A2:1BZ25C2e1T2,X20,Y20})
CALL CKBUOYPIX2.:Y2XBa¥B.18P2)

IF(IBP.NE.IBP2) CALL BOYFITLIA2:,B2:.C2+XB2YB4. IBP24,IT2)
CALL NORMALIX2 Y2 2+ Z2E+DZ A2 B2 yC24N12+N22,N32,IT2, 18P 2]
SINT2=DSIN{ TH2}

COST2=DCOS{TH2)

SINP2=DSIN(PS2)

COSP2=DCOS{PS2) .
DEL{1)=DARCOSI{—NI2Z2SINT24#COSP2+N22%COST 2~-NI24S INT 2%
*SINP2)

IF{N32.LT.0.,00) DEL{]1)=6. 2831853OTD°‘DEL(13
DELL2)=DEL(1)~-1.S7T0796327D0 .
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IF{DEL(2).,LT,0.,D0) DEL(2)=6,28318530700+DELI2)
DELI3I=DELI{1)+1.570796327D0
IFIDEL(3)eGTe6+283185307D0)
®DEL{ 3)=DEL(3)—~565.203185307D0

DO 23 J=1.,3

T2IL JV=0.5008(THZ¢THE( J))
P2I{J)=0.5D0*{PS2+PI1( J))

B2I( J)=0.S00¢(BE2+BEI{ J} )}

D2I(J)=0s SDOMDELL I +DETI( S))
D2I{N=D2I(J)-3.14]1592654D0

IF(D2I(J) L. Ta0aDO)Y D2I(J)=6,283185307D0+D2I1J)
SINT2I( ) =DSINITZ21IL 1))

COST21C 2}y =DCOSI(T2I(.))

SINPZIL J)=DSINIP2IL J)}}

COSP2I(J)=DCOS(P2I(J))

SINB2I( J)I=DSIN(B2TIC( J) )

CoOSB2I{ JY¥=DCOsS(R2iI(J))

SIND2IL J)=DSINID21I(J))

COSD2IC(J)=DCOSID21¢J))

Fl=SINB21([J)eCOSD2I{ )

F2=SINB2I{ J) ¢SIND21C( J)
F3=COSB2I(J)*COST2I{J)-F1l1ESINT21ILJ)

DL JY=DZ/(FISCOSP2I(J)-F2%SINP2ILJ))
OX{JI=SINT2I(J) *COSB2I(J)I+FL1ECOST21(I)

DY( JI=SFIESINP2I(JI+F2%COSP2IL D)

XI{ J)y=x2-DX(J} eDLL J)

YI{JY=Y2-0VY{ J)*DL(J)

CALL GETPTIXI(J)«YI{J)+PPll+Jd))
RAD=DSQRY(G#PP{l «+ JI/Z/PP(2.J) ) /7PP{3:J)
IF({RAD+GE«0.D0} .AND«{RADLE-1.D0)) GO YO 22
WRITE(E+2)] 3 JePlsR1 01 +THL oPS1 3sBEL +P24R2¢Q2:TH24P52,
®BE2.P209sR20,:,020+T20,PSCWDELI]1 ) +DEL{2).DELLI)sN1L:N21,
*N31eN12sN22 ¢N32 oN1 ¢N2aN3wOLL S wOX LI ) DY (S]] DEILS S
$PPL 1+ ) sPPI20J) oPPI30J)sPPlA23)+PPIS S THI{J)PII(I),
*BEIL J)

FORMATI*] FAILED IN BODY AT [=',13:25Xe"J=%,13//
¥1PAEL14.5/76E18.5/5E14.,573E14,5/79E14.5/74E14,5/78E14,5)
sSTYOP '

CONTINUE

CALL DELTAF(J?DEL(J].DEI‘J,’
IF(DABSI{DEI[J)).LELL1.0-8) DEI(J)I=0.00

CALL GETDERIXILJ) +¥Y1(J) «DER?

PICJI=PPL(].,J}

THI( J)=PP{ 4, J}

PIILJ)=PP{SsJ}

BEI( J)=DARSIN(DSQRY{G*PPI1 2 J}/PPI(2:+J})/PP(3:J})
T2I{(JI=0.,SDOR{THZ+THI( J))
P2I{J)=0.,SD0%(PS2+PIIL{J)}

B2I{ J}=0.SDO*(BE2+BEI{ J))
D2IC(J)=0.SDO*({DEL(J)+DEL( J))
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D2 J)=D21¢{ J)~3.141592655D0

IFI(D2T(J) L To0.D0) D2I(J)=6,283185307D0¢D2E(J)
SINT2ILJI=DSIN(T2ILJ})

COST2I¢ J}=DCAS(T2I{( M)

SINP2I{ J)=DSIN(P2I(J))

COSP2I(JI=DCOS(P2L(J)})

SINB2I( H=DSINIB2ILJ}}

C0SB21{ J¥=DCOS{B2I1(J})

SIND2I(J}=DSIN(D2I(J))

COSD21{J)=DCOS{D2I{I)) _ ;
OTOX(J)=DER(144)

DPDX{ JI=DERC(1:+5)

DTOY{J)=DER(Z +4)

DPOY{ JI=DER( 2+5)

F1=COST21(J} #SIND2I(J)

F2=SINT2T1(J) #S1IND21({ J)

F3=SINB2I({J) *DL{ J)

FA=COST2I{J}*COSD21{ J4)

DXDONEJ)=—F1

DYON( JI=F28SINP2] [(J)4+CASP2TI{2)}5CASD21(J)

DZONL J)=F23COSP21 (JI~-SINP2T{J}*COSD21(J)
FS=xi{J)~-X2

F6=YI{ J)~Y2

DTDZLI)=(DTOX{ J)IFS+DTDY{J)*FE)/DZ

DPDZ( J)=(DPODX( 4) F5+DPDY(J) 6)I/D2 -

AL 19 J)¥=COSB2I(JI/Z(SINB2ICIIOPPL(2,J)¢PP{(3;J)8%2)
ALL 24 4)=COSD2I (J) ~-F39SIND2I(J)#DZDN(J}/DZ
ALL3+J)=F1+F3sFAeDZDNL J) /D2
CREJISFIR(SIND2IC JI #(DTDX(J) *OXDNIJI+DTDY L JISDYDNI{ S #+
2DTDZL J )} *DZDNL J) ) -FA 2{DPDX { J} € DXON( J) +DPDY (J ) *DYDNLJ } 4+
SDPDZLIIEDZONC I IV #ALIL+J) P T (JI4ALC2 o JISTHILJI+ALL 34 J)
**PIICJI)

23 CONTINUE

AL=AL(221)3ALT1+2)~ALT11)SAL(2,2)
B1=AL{3+113ALL1+2)-AL(1+13%AL{3,2)
C1=CR{1)*AL(1+2)-=ALL{1+1)%CR(2)

AM{ 2.1 1=TH2

AM{3,1)=PS52

CALL NEWRAP(AMC2:1}eAMI3 s 9A19BL2CLlaN12,N22,N32}
AL=SALI2+2)SALIL »3)-ALIL 42)%ALL2,3)
Bl=AL(3¢21®ALLS +3)-ALL1,2)%AL{3,+3)

C1=CR¢ 2} *ALLI ¢31=AL{1:2)2CR(3)

AM{ 2,2)=TH2

ANT 3.2)=P52

CALL NEunAp(Aulz.z).Anca.zi.Al.a1.c1.N12.Naz.Naz)
A1=ALC2:3)#AL{1:1)-AL{1 3} ¥AL{2,1)
B1=AL{3+3)%AL(11)—AL(L1.3}%ALL(3,1)

C1=CR{II*AL{1 +1)-AL(13)%CR(1)

AM{ 2+3)=TH2

AM{ 3.3)=PS2
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CALL NEWRAPC(AM{2:+3) +AM{343) Al sB1+CLsHN12,N22,N32)
AMEL21)=(CRI1I-ALL2:+1)EAM{2:1)—-AL{3e1)%AN{Is 1) /AL {2y1)
AME L s 2)={CRI21-ALL2+2) XAMI2 42 )}—AL{3+2)F¥AM{32) )7AL 1+ 2)
AM(i-3l=lCR(3l—AL‘2-3)*AHl203I"AL1303)#AH(3-3))IAL(I-3)

P2=0.,SD0%{AM{1l +1 ) +AM({L +3})
TH2=0.SDO#{ AM{ 241 )+AN(2+3))
PS2=0.SDO0O*CAMI3 211 +ANL3:3))
T2=TTOD®{P2/PTOD (1) ) *%GM1G

rR2=P2/{RO%T2)

Q2=DSORTI{2.00*GGM1 *RAX{TTOAD~-T2})

IF{1T.EQ.1) GO TO 24

IF(DABSIIP2-P20)/P2)+LEL10~-7) GO TO 26
IFLIT.EQs25) GO YO 25

CONTINUE |

P20=P2

R20=R2

Q20=02

T20=TH2

PSO=PS2

BE2=DARSINIDSORTIG*PZ2/R2)7Q2)

CONTINUE ‘
IF(DABS((P2-P20})/P2).LEes1.D-5) GO TO 26

WRITEL(G1)I 27E oDZ o X oY1 aPLl s THI sPS 19 X2:Y 2, P2 TH2,P5 2,
*P20,T20,.PS0O

IF(DABS{(P2-P2D)/P2) «GTa1sD—-4} STOP

CONTINUE

XNI{T}=x2

YNE{L}=Y2

PN T )=P2

RN({I)=R2

ami I ¥=Q2

TNLILI=TH2

PSNIL)}=PS2

RETURN

END
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SUBROUTINE CARDIN
DIMENSION AL20D)
FORMAT(20A8}
FORMATI(SX +20A4)
FORMAT( 1 * 38X .*"INPUT CARDS '}
FORMATI 0% X, 9(*0*)10(%1°):,100°2%),10(*237),10(%4"*]),
£10( "SI 10 "6") ,10(*T7T*) '8 /5X.A(*1234567890')/)
IP=50
WRITE{6,3)
WRI TE{ 644)
20 CONTINUE
READ{S +1 +END=99) A
IF{IP.NE. O} GO TO 21}
WRITE( G4}
WRITEC(S+3)
WRITE(G.4)
1P=50
21 CONTINUE
WRITE(S+2)A
WRITE(8:1}A
I1P=] P~}
GO TO 20
99 CONTINUE
REWIND 8
WRITE{G6e4)
RE TURN
END

& LN
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22

23

SUBROUTINE CyT(ZB)

COMMON /BCUT/XB(S50) +YB(S50)
COMMON /GEOM/ZC(S0) ¢XC (504503 2YCI{50+50)«NS NP
REAL*4 A(3,3)

Z=28

DO 21 1=2,.NS

IF(ZB.LE.ZC{1)} GO TO 22
CONTINUE

I=NS-1

CONTINUE

IFITI.EQ.NS} I=NS-1

IP=I[+1}

IM=1~-1

20=ZC{ I M)

Z1=2C(1)

Z2=2C( IP)

Z10=1.,0/121-20}

Z20= 1.07(22-20)
Z21=1,0/0(22-21}

ZP1=ZD+21

Al 3.1)=Z212{210~-220)

A 3+2)=-221%210

A{3.3)= Z21%Z20
A(2+1)=—210-ZP12A(3,1)
A(2,2)= Z10-ZP1%A(3,2)
A{2,3)= —-ZP1®A(3:3)
ACL41)==Z0%(A(2:1)+A{3:1)9%20}+#1.0
A{142)=-Z20%LAL2,2)+A(3,:2)%Z0)
A(13)==-Z0%{A(2.:,3)+A(3,3)%20)
DO 23 J=1«NP

AEDC-TR-78-68

SACL 4L EXCLIeIM)$A{L e2) RXC(IeI }+ALL 3D 6XCLIIP)
C=A(2:1 ) *XCL I IMIFAC2,2)EXCLIIIFAL243)6XCLJIIP)
D=A{3s133XCL S IMIFALT2)MXC(Jo1I+A(I3I*XCLILIP)

XBil J)=8+{C+D$2)2Z

B=A(!.1)'TCIJ.IH)%AIIothYC(Jolliktl'33*YC(JolPl
FAL2: 10 8YCLJIIMIFAL2:2)YCLIsID+AL2:322YC(Je1P)
D=AC¢1)0YCLIeIMI+A(Ie2)2YCLIIIHA(3:3)YCLILIP)

YBLJI=B+{C+D3Z) $Z

CONTINUE

RETURN T
END :
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SUBROUTINE DELTAF ( JsDEL JDELI)

IMPLICIT REAL#B(A-H+0-2)
COMMON /FLOBDY/DUMMY (14 ) oSINTICA) +sCOSTI{4)},SINPI(4),
&COSPI{ 4) »SINBIL8) ,CCSBI {4)
A=SINTI{J)#COSPI{J} «SINBI( J)
B=SINPIC J)*SINBIC(J}
C=~0.5D0%COSTI {J} SCUSPI(J) =*(SINBI{J} +COSBI(J))
SIND=DSIN(DEL) '
COSD=DCOS(DEL)
DELI=DEL
ASBS=A M2 +B &*2
RAD=ASBS=-C*%2
IF{RAD.LT.0.00) RETURN
RAD=DSORYT{(RAD) Z7AS8S
SINI=B®C/ASHS
SINII=SINI¢+ASRAD
SINI2=SINI-ASRAD
IFIDABS{SIND~SINI2}.LT.DABSCSIND-SINI1)) GO TO 21
SINI=SINI1 :
IF{DABSI{ SINI)«LE+1.D0) GO TO 22

21 CONYINUE '
SINI=SINL2
IF(DABS{SINI}aGTe1a00) SINI=SINIL
IFI{DABS{SINILY«GT:+1.00) RETURN

22 CONTINUE
COSI=A*C/ASBS
COSI1=COSL+B*RAD
COSE2=COSI-BE*RAD
IF(OABSICOSD~C0OS1I2)«LT.DABS(COSD-COSI1)Y} GO TO 23
CosSI=Castl
IF(DABS{COSI)+LE.1.D0) GO TO 2&

23 CONTINUE
COSI=COSI2
IFIDABSI{COSI)eGTal.D0} COSI=COSIT
‘IF(DABSICDSI}.GTe1.D0) RETURN

24 CONTINUE
DELL=DATAN2({SINI +COSI) _
IF(DELI.LT.0.00) DELI=6.2831853070D0+DELI
RE TURN :
END

LN
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22

SUBROVUTINE DISTI{DELS)

COMMON /GAS/GsRO+GM1 oGM1HsGM1G4+GGM]» GP 1+ GPGM

AEDC-TR-78-68

COMMON/VALUE/7ZE+X{1000)+¥{10001} +P{1000)«RHO{1D000)

*Q(1000) »THETAL10Q000) +PSI(1000} 4N
INTEGER#*2 NE(8.1000)

COMMON /NEAR/NE +DMIN
DMIN=1.E19Q

GMIN=1,E10

AMAX=0.,0

DO 22 I=1,N

A=P(I1)/RHO{(T}

TFTAGT.AMAX]) AMAX=A

TFLQLTI )L Tu GMIN) QMIN=Q(I)

DO 21 J=1 .8

K=NE{ J.l}
D=OXTIN-X{K}) &2+ {Y{LI)=-YI(X}) %2
IF(D«LTaOMIN}) DMI N=D

CONTINUE

CONTINUE

AMAX=SQRTI(GFAMAX)
DELS=QMIN*SQRT{DMIN) /AMAX
DELS=SQRY{DMINFABS{(QMIN/AMAX ) *%2—-1,0))
RETURN

END
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SUBROUTINE FLELDLI)

IMPLICIT REAL®B[A-H,0-Z)

REAL %4 ZDXNU{10OD) ,YNC(1000) +PN{1000)«RN{1000),ON(10001},
EPSNE1000) +ZE+X{1000) «¥(1000}+P11000) +RHOL{1000) .
ETN( 1000) +PSI(1000) «Q{1000)+THET A{1000)

COMMON /NVALUSZD ¢ XNsYNsPNsRNy QNu TN PSN

COMMDN /VALUE/ZE 4 X oY sPsRHOsQuTHETAWPSI N

COMMON /DGAS/DZ+GeROGM] 1 GMIH«GMLIG1GGM1 2 GP 1+ GPGM

COMMON/DSTAG/PTOD{1 000 ) s TTOD4 ATOD

COMMON/IDEBUG/IDBUGIBNO ) :

COMMON 7/PCINT/ZX] oY1 sP1 4R1 +Q1 3T 1 sTHLIPS1eBEL+X2:Y2,P 26
SR2402:T2:TH22PS2BE2 .P20.T20+PS04DELIS)+PI{&),THILA),
EP11{48) BEILA)»XLLB) sYILA}+DEILS) DX (A4)DY(A)DLLA),
EPP{Se4), TI2sP12:,812+:T211(4)+P21{4)+B21L4})+D21I{4) )

COMMON /FLDBDY/SINT1I2,C0S5T12,SINP12,COSP12:s51INBL2,
#COSB12.SIND2TI(4) 2COSD2I{4)«SINTZ211{8),.COST2i(4),
SINP2I 43 sCOSP214{4) SINB21({4) +COSB2I(4)+DXDNI& )},
¥DYDONL A ) 2sDZON(S) »OTOX{4) 2DTOY (4) DT DZ[A)DPDX {4 ),
EDPDY{4) sDPDZI8) DERL2:2S)sAL(3 4 )+CRIA) s AM(3¢3) +CM(3u4)
1 FORMAT{*0 FAILED IN FIELD AT POINT* ;I55Xe"2Z1=%,
BIPEL1Z24 55 Xs 'DZ=14E1 2.5/ /5 X3 1 XSV qE1 255X+ YI=44E1245,
ESXs "P1 =" 4E12.5 45K ' TI=94FE1 2.5 5K *'PS1I=',E12,5/5Xs " X220
BeE ] 2eS oS5 X0t Y2 =T 4E1 205 eSX s "P2=14E12,545Xe'T2=¢4E12.5¢ 5X
g 'PS2=1 E1 2,545 X+ "P20="4E1 2.5 48X s *"T20="3E12.544X»
*IPS20=1,E12.5//}

xXi=x{I)

Yi=y{I)

DEL{1)=0.D0O -

IF(X1aNEsDeDOsOR. Y14 NEL.0.D0) DEL{Y )=DATAN2(Y1.:.X1}

IFIDELI{1).,LT.0.DD) DEL{1)=6,.28318530TDO+DEL(1)

DEI({1)1=DEL{1)

DO 20 IT=2.:%

DEL{ITI=DELL{LT=1)}+1.570796327D0

IF(DEL(IT). GE.5.28318530700)
EDEL{ITI=DELIIT)-6.28318530700 .

DETI(ITI=DELLIT)

20 CONTINUE

Pl1=pP{1)

RI=RHO(1)

Gl=0(1})

TH1=THETA(I)

PS1=PSI(I)

T1=P1/7{RO¥*R1}

pP2=p1

R2=R1

Qa2=a1

TH2=TH1

psS2=pSi

T2=T1

BE1=DARSINIDSORTIG*P1/R1}/70Q1)}
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21

BE 2=RE1

DO 21 1T=1.4%

THICIT)I=THL

PII{IYT)=PS]

BEI{IT)=BE1l

CONTINUE

DO 26 I[T=1.25

T12=0.500#{ TH1 4+ TH2)
P12=0.5D0%{PS14+P52)
B812=0.5SD0*{BE]l +BE2)

SINTI2=DSINI{T1Z2)

COST12=DCOS(T12)

SINP12=DSINIP12)

COSP12=DCOS(P12}

SINB12=DSIN{B12)

CcO0sSB12=DCNsS{B12)

X2=X1+SINT12%DZ/I CBSTIE*CDSF'!z‘
Y2=Y1+SINPI2%DZ/C0O5P12

DD 22 J=1 +%

T2I{ J)=0.5D0&«{ TH2+THI{ J} )
P2TLJ)Y=0.5D0%(PS2+PILI( J1)
B2I{J)=0.5D0%(BE2+BEI(J)})
D2I(J)=0.5D0%(DELI{J)+DEL(J))
SINT2L(JI=DSINIT21I{J))
COST2I(4)=DCOCS(T21(J})
SINP2I(J)=DSINIP2I1J}}

COSP2I{ J)I=DCUS{P2I(J)})
SINB2T{J)}=DSINIB2I(J))
COsSAZI()=DCOS{B21(J))
SIND2I(J)=DSINI{D2I(J)})

COSD2I{ J}=DCOS{D2I{J})
F1=SINB21 {J) *COSD2ICJ)
F2=SINB21({ 3) *SINDZ2I(J)
F3=COSB2I{J)2COST2I{ JI-F1S5SINT21(.J})
DL J)=DZ/(F3*COSP2I(J)-F24SINP2TILJ))
DXCJY=SINT2I{))$C0SB2I{ J)+FLleCcasT2I(J)
DY{ JI=FI*SINP2I{J)I+F22COSP2TI(J)

X1{ J)¥=X2-DX{ J) sDL( J)
YItJI=¥2-D¥{ J) #DL({ J)

CALL GETPTIXI{JY»¥YI(J)sPPI(14:+J))
IF{OABSIPPI44,J))LT12D0-81 PP(4,.4)=0.,D0
IF{DABS{PP{S5,J1)sLTs1.D0-8) PPIS+ J1=0.,00
CALL DELTAF{ JJDEL( J} .DEXIL J))
IF{DABS(DEI{ J})+LEL]1.0~8) DELI{J}=0.D0
CALL GETDERIXI(J)YI(J) .,DER)
PI{J)}=PP{1+J) .
THIC(J)I=PP(4,J)

PII{J)Y=PPIS.J]

BEI(J)—DARSIN{DSORT!G*PPII1JifPP[2.J’}/PP(3|J|l

T2I(JY=0.5D 0% TH2+THI(J))
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PRIt JI=0.5DQ%(PS2+PTE(J})
B2I{J)=0,SD0%{BE2+BEI{ J}}
D2I{JY=0.5D0%(DELL{JY+DEI(J))

SINT2T(J) =DSINCT21CJ) )

COSTY2i( ) =DCLSL{T21{J))

SINP2IC J)=DSIN(P2I(J))

CosSP2I{ J}=OCOS{P21L{J))

SINB2I{J)=DSIN{B2I{J]]

€C0sSB214J)=DCOS{B21{J)}

SINDZ2I( JI=DSINI(D2I{JS))

COSD2I{ J)=DCOS(D2I4(J))

ODYOX(JI=DER(1:41

DPD XL J)=DER(1 +5)

DTDY{ JI=DER(2 +4)

OPDY{ J)=DER{2.+5}

F1=COST21(JY#SIND2ICL J)

=SIMT2I{ J) #SIND2I ()

F3=SINB2I{J}2DL{J)

F4=COSTY2L(J)»COASD21L{ 4}

DXDN( J)=-F1

OVYON{ J)=F24SINP2I(J)+COSP2I{J) *COSDRI(J)

DZON{ J)=F2*COSP21 (J}-STNP2I (J)}*COSD21ILJ)
FS=xI1{Ji—-X2

F&=vI{J}-¥Y2

DTDZL J)=(DTDX{ J) *¥FS+OTDYL JI*FE ) /DZ
OPDZ{J)={DPDX({ J) «FS»+DPDY{ J]) ¢ F56}/D2

ALT 14 J)=COSB2ICJ}/(SINBZLIJYSRP(2:J)#PP13sJ)%%2)
ALL2+3)=CASD2I{J)~F3*SIND2I(JI*DZDNLJI)/DZ
ALU3+JI=F1+F3%FA2D2IDNLJ)/DZ
CR(JI—FJ*(SINDZI(Jl*IDTD!CJl*DXDN(J’*DTDY(Jl*DYDN[JIf
*DTDZ(JIFIDZON( J) )-Fa 5 {DPOX(J)#DXDNI{ JI+DPDY {JISDYDN(J )+
*DPDZ(J)IHDZONIJI I V+ALLL o JI*PE{J)HAL(2 4 J)ETHI(IDIHAL( 2, J)
*¥PLIC(J)

22 CONTINUE

23

24

00 24 M=] .4
L=M

DO 23 J=1,3

AME Jel)=AL(1,L)
AM{ Je2)=AL(2,.,L)
AML Js3)=ALI(3,L)
CM{ JsMI=CRIL)

L=L+1

IF{L.GTa&) L=1

CONTINUE :

CALL SIMQIAMCM{Ll oM} 3,.1)
CONTINUE

P2 =0.2500¢«{CML{1 1) 4CM{L142)+CM(L1+3)+CM{Ls4))
TH2=0.2500%(CM{ 241 )+CHM(242)+CM(Z2+23)#CM(244))
PS2=0.25D0R(CMI3 1 ) #CMI{342)+CML3,3)+CMI344])
T2=TTOD*(P2/7PTOD([ ) } #*GM1 G
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R2=P2/{RO*T2)

02=DSART(Z2+:D0*GGM1 *RO¥{TYTOD-T2))
IF(IT.EQ.1) GC TO 25
[IF{OABS{(P2-P20}/P2).LE.1.D-7) GO TO 27
IFLIT.EQ.25) GO TO 26

29 CONTINUE

26

27

P20=p2

R20=R2

Q20=Q2

T20=TH2

PSD=P 52
BE2=DARSIN(DSARTI(GSP2/R2}/Q2)
CONTINUE

IFIDABSILIP2-P20)/P2) +LE1.D-S) GO TO 27
WRITE(Gel)L sZE+DZsX1 +¥1 sP1aTHL1 sPS1:X2:Y2:P24TH2.PS 2,
*P 20, T20.,PS50
IF(DABS({P2-P20)/P2).GT.1.D~-84) STOP
CONTINUE

XN{T)=X2

YN(I)=Y2

PN(1)=P2

ANCI )=R2

QN{1)=Q2

TNCI)=TH2

PSN(1)=PS2

RE TURN

END
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SUBROUTINE FINDI(? +L1+L3sNEI]
INTEGER#2 NE(1)}
REAL*4 OISTI(3)
COMMON/VALUE/ZE . X[1000},Y(1000)
L2=L.14L3

=9
00 22 L=L1.L2
D={XCI)=XIL) Y %x3Z2&(Y(L)~-Y(L) )22
IF{J<.EQ.3) GO TO 21

J=Jd+1

NE{ J)=L

.DIST(J)Y=0D

22

EF{ JaNE,L3) G0 TO 22

CALL SORTIDIST .NE.3)

G0 TO 22

CONTINUE -
IF(B.GE.DIST(3)}) &GO TO 22
DIST(3)=D

NE(3)=L

CALL SORT(DIST.+NE .3}
CONTINUE

RETURN

END
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21

SUBROUTINE FINDBP{X1e¢Y1sXBsYBs IPOINT)
COMMON /GEOM/ZC{S50) s XC{S0,50)¢YC{50+50) NS« NP
DIMENSION XB(S5D),YB(S0)

CONTINUE

IPOINT=1
DMIN=(X1~XB(1))#$2+{Y1-YB(1)) %2
DO 21 J=2,NP

D=(X1=XB(J)) *224(Y1-YBI( J)} ) %2
IF(D.GE.DMIN) GO TC 21

IPDINT=J

DMIN=D

CONTINUE

RE TURN

ENTRY CKBDYP{X1 4¥1XB,YB s [POINT)
J=IPOINT

DMIN=( X1-X8LJ) ) 442+ (Y1 +YB( ) ) %2
J=d-1

IF{JEQ.0) J=NP

D=t XI-XB(J) ) $92¢ {Y1-Y¥B(J) ) %2
IF(D.LT.DOMIN) GO TO 20
J=IPOINTH1

IF(J«GT.NP)  J=1

D=t X1=XB( J) ) 252+ (V1 -YBL{ J) ) o2
IF(D.LT.DNMIN) GO TO 20

RE TURN

END

45
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SUBROUTINE FITU(I)
‘COMMON/VALUE #ZE s X{ 10000 ¥ {10001 +P{1000)+RHOC1000) «
*Q{1000) s THETA{1000)+PSI(1000)N
INTEGER®2 NE{(8,1000)
COMMON /NEAR /NE
REALZS RsBI12412)C{12+5)+VALIS)DER(24.5)¢0DXsDY¥sFAC
DO 22 J=1.12 :
IFl J«.GTa9} GO TO 21
Bl{l.JY=1.,D0
=1
IF(JsNEs1}) K=NE{J=1,il}
B{2,J)=X(K}
B 3. )=Y(K)
GO0 TO 22
21 CONTINUE
81 1+J)=0.D0
., Bl 24J)=0,D0
B(3+J)=0,D0
22 CONTINUE
00 24 JJ=4,11
J=13-34
KL=J—-1
Kl1=1l
[IF(JoaNEel) KI=NE{KL,I)
DO 23 K=1,XL
K2=I
IF{KaNE:1) K2=NE{K-1,1)
REUXIK1I=-X{K2) ) %224 (Y(K1 ) =Y IK2] ) 222
Al JJ+K)=RE*DLOAGIR)
23 CONTINUE
at JJ+J4)=0.D0
24 CONTINUE
8(12+1)1=0.D0
DD 26 J=1.11
K=13-4
Ki=K-—-1
00 25 L=1.:KL
B(K.13-L}=B{LJ}
25 CONTINUE
26 CONTINUE
DO 29 J=1,12
IF{JaGTu3} G0 TO 28
DO 27 K=1.5
ClJI,K)=0,00
27 CONTINLE .
GO TO 29 .
28 CONTINUE
KL=13~-J
K=l
IF{KL+sNES1) K=NE(KL-1,1)
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29

30

n
a2

33

34
a5

ClJe1)=P{K)
CtJde2)=RHO(K)
Cl3+3)=0({K)
ClJ+8)=THETAIK)
ClJ+S)=PSI(K)
CONTINUE

CALL SIMQ{B+C+12+5)
RETURN

ENTRY GETPTIX1,Y1l «VAL]}
DO 30 J=1,5

VALL{JI=CU124J)+C(11 4 J)X1+C(10,:J) #¥1

CONTINUE

D0 32 J=1.9

K=l

IF(JeNEel1l) K=NE{J—-1,1)
R=(X1=N(K) ) €524 {Y1-Y(K) } %2
IF(R.,EQ.0Q.D0) GO TO 32
00 31 L=1.5
VAL{LY=VALIL)+C{JsL)*R*DLOG(R)
CONT L NUE

CONTINUE

RETURN

ENTRY GETDERU( X1 + X2 4DER)
DO 33 J=1,5

DERIL 1+ J1=C(11.J)
DER{2+J)=C(10+J)
CONTINUE

DO 35 J=1.9

K=I

EF(JeNEW1) K=NELJ~1,1)
DX=X1-X(K}

DY=V1-¥YIK}

R=DX&E24+DYRW2Z
IF{R.EQ.0.D0) GO TC 35
DO 34 L=1,5

FAC=2,D08C{ J,L)*{1.D0+DLOG(R]}
DER(1+L)=DER(1 oL ) +F ACRDX
DERL2+LI=DER(2.:L) +FACHDY
CONTINUE

CONTINUE

RE TURN

END
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21

SUBROUTINE IDENT(I}
IF{1«.EQ.2) GO TO 2%

CALL
CALL
CALL
CALL
CALL
CALL

CALCMPI{15,0+2.0510,40)
SYMBOL{0:S5+TeS59s0c88 2 *FOLLOWING PLOTS FOR® 4 0s0419)
SYMBOLIL1e205:5+02983°%Wa Cy ARMSTRONG' 9040+15)
SYMBOL(S s S 03:5+0: 84, 'CSB8=EADY 40 .0:7}

CLASSLY ¢3+0:0)

CALCMP{0:5:0:5+0.43)

RE TURN
CONTINUE

CALL
CALL
CALL
CALL
CALL
CALL

CALCMP{ 004040403}

CLASS{4:3.:0.9)

SYMBOL (« 08 37e5+0.84 3, "PRECEEDING PLOTS FOR's 040 20)
SYMBOL 142054540498y '0s Cu ARMSTRONG! 40.0,15)
SYMBOL{S5¢5 325306844 7CSE~EAD*30.0:7}
CALCMPID0:0.049999.21

RETURN

END
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SUBROUTINE INGEOM
COMMON /TI1 TLE/HEADI{20)
COMMON /GEOM/ZCISQ) +XCI{S50+5001:.YCI(SO+SD)+NSNP
COMMDN/IDEBUG/IDBUGIAD)
COMMON/ZVALUE Z/X{S0S0) +Y(504+5031:+5(S0)ITI(SD) IV(SD)
1 FORNMATL *1*310X20A4//720X *GEOMETRY INPUT? 10X,
®«*'ND, OF STATIONS =°,13/) /
2 FORMATL "D Z =V, 1PE1345e5X a1V =t 135XV IT =9,12//
QA" X2 1A XN, "'Y /)
3 FORMATI1P2E]1E5.5)
4 FORMAT("]17",109X.20A4//720X+ *CONVERTED GEOMETRY'//)
S FORMAT(215,E10.0)
6 FORMATIS8E190.,0}
tv= NO, OF POINTS AT THIS STATION
1T= 1 — AtL PCINTS GIVEN IN RECTANGULAR COORDINATES
2 - ALL POINTS GIVEN IN POLAR CODORDINATES
3 = ONE POINT GIVEN IN POLAR COORDINATES
READLB+5)INS
IF{IDRUGE 1) .NE.D}
EWRITE(H,1 JHEAD 4+ NS
DO 21 I=14NS
READIS+«SYIVITI) 4IT(I)ZCL1)
IF{INBUGL 1)4NELD)
EWMRITE(Gs2)ZC{I)IVI(I)IT(L)
N=Ivw(l)
EFL{IT{I}.EQa3) N=1
READIBsEIIX{ Jul) s YL Jel} s =1 N}
IF{IDBUGE 1) .NE.O)
SWRITEL G233 XEI21)a¥Y{Js1) u.J=t aN)
21 CONTINUE '
DO 26 I=1.N5
IF(IDBUGL 2).NE.D)
*WRITE( G624 )HEAD
IF{IDBUGI( 2)s.NE«D) '
EWRITE(G2)ZCIINLIVIIILITIIL)
=1v(l) .
IF(IT(I).EQ.1) GO TO 25
IF{IITI(I)«EQs2) GO YO 23
DT=2360.0/N
Yi{1l.1)=0.0
DO 22 J=24N
XKl Je1)=Xl14I)
Y(Jdeld={ J—1)}#DT

22 CONTINUE

23 CONTINUE
DD 24 J=1.N
XX=X{JoI)*COS{0.01745329%Y(Je1})
YUJsIV=X{ Je ) XSIN{ 0. 0L 7A5329%Y (e 1))
X JeId=XX

24 CONTINUE

49



AEDC-TR-78-68

CONTINUE
IF(IDBUGL 2)<NE.O)

BUWRITEC(GS+3¥ XTI Je[) aY{ Je1IDad=1.N)

26

27

CONTINUE

NP=IV{1)

00 27 1=2.NS
IFINP.GE.IVII}]) GO TO 27
NP=TV(I}

CONTINUE

NPM=NP-1

FAC=1.0/NRM

DO 33 I=1.NS

N=IVv{I]}

S{1)=0.0

DO 28 J=2.+N
S(J!-S(J-ll#SﬂRT((X(Jo!)—K(J-lsl,l**2+
B Y{JI)=Y{J-11))%%2)
CONTINUE

0S=S(N)*FAC
XCL2e1)=X(141)
YCO1.13=¥Y(1.1)

. XC{NPLI)=X{Ns1) L

29

3o

n

32
33

YCUNPLIY=Y(N.I}

KL=2

0N 32 J=2 +NPM

SPp=DSHx({ J~1}

DO 29 K=KL N
IF(SP—=S({K) )31 +30:29

CONTINLE

K=N

CONTINUE

XCCJ o1 )=NC(KLI)

YC(J.[]?V(Kil,

KL=K

GO YO 32

CONTINUE
RAT={SP-S{K~-1) ) 7{S{K)-S{(K-1}]
XC{ JoTI=N{K=1 118U XI{KaT1)—X{(K=141))*RAT
YOI II=YIK—1 4104 {Y{KeI}-Y{(K-1,41))%RAT
KL.=K

CONTINUE

CONTINLE

RE TURN

END

50



(2N NeRaNaNai

AEDC-TR-78-68

SUBROUTINE INPUT

COMMON sTITLE/HEAD(20)

COMMON/VALUE/ZZE o X(1000) »Y{1000)sP(1000).,RHD{1000}
*Q{1000) +» THETACI1000) sPSE{1000) N

COMMON /STAG/PTOT(1000) +TTOJATOT+Z0: ZMAX NB(200),
*NBD{2C0) e JMAX s JPT JIB«IPLOT 4IT11,1IT12

COMMON /GAS/GsRD+GM] sGMIH s GMLG s GGM1 y GP 14 GPGM

COMNON/IDEBUG/IDBUG(B0)

INTEGER#®*2 NB sNRO

COMMON/NVALU/ZXR(20) sYR{20) +PR{Z20).THR(20),PSR( 201},
EQR{20) ,PTR{2N}
1 FORMAT{ '] *+.10X4+20A4 /720X« "STARTING PLANE INPUT*//5Xs

KIGAMMA =1 FS,B.:SXs"PTO =V 1PELZ245+5X4*'TTO =*,;E12.5s"
E5Xe 'R =',4,E]12.5) '

2 FORMAT{ "0 ZO="41PE12.5+SX'ZMAX=*,E]12, 5|5X|'ITVPE-'
BI29SN 1IMV= JI 2 3SX 4 ' NPTS=* 2 IS5 »SX e 'NRAYS=? 4, [J . 5X» .
EV IMAX=?3]SeSX s JPT=2 oS/ X o' IPLOT= 4 [248Ke"IT L 1=, 12y
kS X *ITIZ2=% [ 2 oTX"INEIGH=1 ,I2//8Xp1X" 313XV ?, 18X "Pt,
F1A4Xe Qo1 2Xs *"THETA s11 X 2a*RSTI' 412X '0TOV /7))

3 FORMAT(IPTE]1S.5)

4 FORMAT{TEL1QC.0:15)

5 FORMAT(2E10.0.,1015})

S5 FORMAT{ *1 9,1 0X+20A4/720Xe *STARTING PLANE VALUES'//78X,
BN AN P Y sl AN ' P 1IN "RHO? »13X+"Q% 3 13X *THI " 512X
E'PST P ,12X . '"PTOY/ /({1 PAELS.S))

T FORMAT{*0 TOO MANY BODY POINTS®*)

1MvV=0 QtIy=q THETA(I )=THET A" PSICI)=PSI
IMV=} QI)=M THETA{ 1) =THETA PS I )=PST
IMV=2 al1) =w THETALI )=U PSI(T)=V

I TYPE=0 ONE RAY GIVEN IN POLAR CDORDINATES

I YyPE=1 PLANE GIVEN IN POLAR COORDINATES

L TYPE=2 PLANE GIVEN IN RECTANGULAR COORDINATES

READ{ B3 1G+PTO TTC,RO

WRITEIGs 1 IHEAD o+ G+ PTG «TTOL.RD

READ{ 851202 ZMAXITYPE s [IMY ¢NPTSaNRAYS 3 JMAX 4 JPT , IPL OT,
RITILIYI2HZINEIGH
HRITF(619}ZUt?MAKt[TYpEii“VoNPTSiNRAYSiJHAX.JPT.IPLOT.
£ITI11.1T7I2,INEIGH

N=NPTS

18=0

DO 20 I=1,N

READIBsAYXITI) s Y{T)4P{L)»QCI) +THETALT}+PSI(1)PTO{T ) NDOP
IFUPTO{T ) o EQa 0. 0) PTOLI}Y=PTO

IF{IMV.EQ.2) GO TO 19

THETA{I) =N, 01 745329¢«THETA(])

PST 1T)1=0.,01745220%xpPsSI i)

19 CONTINUE :

ITF{MNBP.FaN} GC TO 2§

FTA=TA+

IF(IGE.GTe200) GO TO Q9
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NE{TB)Y=I
20 CONTINUE
IFCIDAUGT 3} «NT.0)
EWATTELG eIV IXIT I YT 2PCT) »QCI) s THETACLI)4PSI(1),
*PTO(I ) +1=] +N}
IFISTYPE.EQ.1) GO Ta 24
IF(ITYPE.EQs2) GO TO 26
DO 21 I=1,4N
XREII=X(T)
YRII)=Y(!)
PRI )Y=P(1)
ArR{I)}=a(1)
THR{I)=THETA{I}
PSRE1)=PSI(1}
PTR(I)=PTOMI)
21 CONTINUE
18=1
J=0
NBI=NB(1)
DO 23 I=1.N
J=J41
X J)=XR(T)
Y{J)=YR{I}
PLII=PR{I)
Al J¥=GR{1) .
THETA( J)aTHR(I)
PSICJI=PSARLT %
PTOL J}=PTR(T)"
IF(I.EQ.1) GO TO 23
NPTS=3,141593/ARSINC0«S/FLOAT(I—1) }¢+0.5
DT=360,0/NPTS
NPTS=NPTS—-1
IF(NBI.EQ.1) NB(IB)=JS
DO 22 K=1,NPTS
J=J+1
X )=xrtl)
Y(J)=YR{T)+FLOAT(K) *DT
R J)y=PRI(1)
al J)=aR{1)
THETA{ J)=THR{1)
PSI(JI=PSRII)
PYOC( J)=PTR(I)
IF{NBINE.I? GO TD 22
IB=18+1
IF(IB.GT.2002 GO TO 99
NBC(IB)=J
22 CONTINUE
23 CONTINUE
N=J
24 CONTINUE
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DO 25 I[=1.N
ST=SIN(Q.01T45329%Y(1))
CT=CO05¢0.01745329%xv(I})
Y(I)=X{1) %57
XTI=X{T)*CT
TANP=SARTITAN(THEYA(L) ) #24TAN(PSI(L ) )*%x2)
PSI{TI)=ATANI{ TANP®ST)
THETA( L )=ATANC TANPXCT®COSI{PSI(I)))
2% CONTINUE
26 CONTINLUE
ATOT=SORTI{G*RO*TTC)
GM1=G—-1.0
GM1G=GWN1 /G
GP1=G+1.0
GM1IH=0.5%GM]
GPGM=GP1 /GM1
GGM1 =G sGM1
XNB=0.0
YNE=0.0
DO 261 I=1,18
J=NB(T )
XNB=XN3+X{ .J})
YNB=YNB+¥Y{.J)
261 CONTINUE
XNB=XNB /1B
YNB=YNB/1DB
00 2T I=1.IB
J=NBLI)
AHO{1I=ATAN2(Y{J)—-YNB,X{ J)-XNB)
IFIRHOII)LT.0.0) RHO(I}=5,283185#RHO{(I)}
NBO{(1}=J
27 CONTINUE
CALL SORTI(RHOC«NBO,.IB}
NBCIB#+1)=0
NBD{1B+1)}=0
00 30 I=1.N
IFIIMV.EQ.1) GO TO 28
v=0t(1)
IF{IMVLEQ. 2) =SQRTIVREZHTHETA(II #62+PSI( I V%% 2)
SM={V/ATOT) *%2 ’
SM=SARTI{SM/{1,0—-GMIHESM))
IFCIMV.EQ.D) GC TO 29
PSI{1¥=ATANZ2(PSI{I},,Q(I})
THETA(I)=ATANZ(THETAL(L ) sQ{L)/COS(PSI(I}})
atii=v
GO TO0 29
28 CONTINUE
SM=Q{I) .
QUI)I=SM*ATOT/SQRTI1.0+GMIH*SMEEZ)
29 CONTINUE
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SMS=SME%2
SMFAC=1.,0+GMIHESMS
T=TTQ/ SMF AC
RHOC(IY=P(I)}/1RA*T)
3D CONTINUE
IF(IDBUGL{ 4)sNE.Q}
EWRITECGsSIHEAD o {XCI) oY LI) »PCI)sRHOCI)oQUIY+THETA(T )
£PSI(L)+PTOLI)s[=1.N) .
!FI(lT?PE.EG.U).AﬂD.(INE[GH-EQ-OII INEIGH=1
IF{INEIGH.EQ«O) CALL NELGH
IF{ INEIGH.EQs11 CALL RNEIG
IFUINE IGH.EN.2) CALL READNE
RETURN
99 CONTINUE
WRITE(S.47)
sTap
END
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SUBROUTINE NEIGH

COMMON /VALUE 7ZE o X{10000Y(1000)+PL1000 e RHOCIDOO) o
*Q(1000)  THETALL1000) +PSIL1000}aN
INTEGER*2 NE{(8,1000)

COMMON /NEAR/NE 4DMIN
COMMON7IDEBUG /I DBUG(80)

DIMENSIDON LIST{19):,LONG{19)

DATA LIST/1+2+8:20e39:64+95:413341774227:288,3872481656,
RAGL «ST73+5661 o+ T55,856,963/

DATA LONG/0+S5511+918 42833037483 :389,55.62:568:+78,81+87,
%93,100,106,0/

FORMAT{ "1 " 3,20X+"NEIGHBCRS" 4SX »*"DMIN =° , I1PE]1 2.4
/76X o "BASE Y s G X%l * 39X "2% 4IX '3 49X 4%,
ROX 'S0 qGN g "6 4 IN 21T 49X "8 %2/)
FORMATI9T10)

DAIMENSIQON DXM(B)

DMIN=]1,.E10

DO 23 1=1.N

[C=0

DO 22 J= 1N

IF(L.EQ.J) GO TO 22
D=AX{TIJ=X{J}) 82+ (YL )=Y{J}) b2
IFLIC.EQ.B) GG TO 21

IC=JC+1

NETICL)=J

DXM{ I1C =D

IFLIC.EQsB) CALL SORTIDXM.NE(1:I):8)

GD T0O 22

CONTINUE

IF{D.GE.OXM{(8))} &GO YD 22

NE{ A+1)=4

DXM{ B8)=D

CALL SORTIDXM.NE(1:1}.8)}

CONTINLE

IFIDXM{2 ) 4L T.OMINY ODMIN=DXM{1]

CONTINUE

G0 TQO 29

ENTRY RNEIG

J=1

DO 28 I=1+N

[IF{TI.GE.LISTL{J+1)) J=J+1

IFlJeNEL.1) GO TO 25

DO 24 K=] .6

NE(K+T )=K+1

CONTINUE

NE{7.1)=11

NE(B.1)=17

GO YO 28

CONTINUE

LL=1-—-1
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25

27

28

29

IF(LLLLT.LISTC(J)} LL=LIST(J+1)-1
LH=le} s -
IFCLHLGE .LIST(J*+1}) LH=LIST{J)
NME(lsL0=LL

NE{2+.1)=LH

IF{JeNE.2) GO TO 26

LL=LlL~1

IFILLGLTLLIST()) LL=LISTIJ#1)~=1
LH=LH+1

TF{LH.GE LIST(J+1))} LH=LIST{J)
NE{ 3.T3)=LL
‘NEL 441 )=1

NE{S«I }=LH

K=J+1

GO TO 27

CONTINUE .

CALL FINDCLJLIST(J-1) +LONG(J=1)+NEL{3,T1)}]}

=J+1

IF{NLLTLLISTI(K)) K=J=~2

CONYINUE =
CALL FINDCILLIST{(K) sLONG(K)+NE(6:1))
CONTINUE

G0 TO 29

ENTRY READNE

READ{ B8 +2V{K+INE(J oK) s J=1 48] s [=1 s N}
CONTINUE

[(FLIDBUG( S5)1+NE.O]
2WRITE(G6+1)IDMIN

IF{IDBUGL 5) «NE.O]
SWRITECG6+2) (1 o(NE{ Uel) o d=1+8)I=1M)
RETURN

END
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SUBROUTINE NEWRAP(T«PosAsBeCoNLyNZ+N3)

IMPLICIT REAL*8(A~-H,0-2Z)

REAL*8 Nl +sN2+N3oJd

FORMAT('Q FAILED TO CONVERGE IN MNEWRAP T=0, IPE12.5,
BN TTN=9 qE12.596X s "P=? ,F1 245 +sSXs"PN=',E12.5/75X,*TO=1,
BEL1Z2 eSS X "POT? JEL1 2,576 X o TAS Y QEL 24596 Xe*B="9EL12,.5sEX0»
BICE Gy E I P SeSXe 'NL =1 E1 205 +¢5X e "N2="3E12,5: 5Ky "NIAx=",
*E12.5)

TO=T

PO=p

DO 22 I=1.+50

SINT=DSIN(T}

COs5T=DCAS(T)

SENP=DSIN{P)

COSP=DCOS{P)

F=A%*T+B¥P-C .

=N1SCOSTHRLOSPHNZ2ESINTHNIRCOSTHS INP
DGT=—N1*SINTSCOSPH+N2 2COST~-NISSINTHSINP
DGP==N12COSTASINP+NIXCOSTECOSP

J=A*DGP-8#DGT

TN=T—{F #DGP-G48)/ J

PN=P+{(F9DGT-GHA)/J

IFI{DARS((T~TN) 146T4lD-6) GO TO 21

IF{DABSL { P~PN) Je+LEsl4D=-6) GO TO 23 .
CONTINUE

IF{I.EQ.50) GO TO 22

T=0.500%#{ T+ TIN)

P=0.5D0%( P+PN)

CONTINUE

WRITEL(Gs1IToTNyPsPNsTOsPOsAsBsCoNl s N24N3

CALL ERRWCA

sSTOP

CONTINUE

T=TN

=PN

RETURN

END

57



AEDC-TR-78-88

SUBROUTINE NORMAL(X»¥ +Z9AsBaCeNL ¢N24N3,IT,IB}
IMPLICIT REALSBLA-H.0-2)
REAL %8 ZC o+ XC2YC
COMMON /GEOM/ZCIS0) +XCI(50:+50) YC(S050) NS NP
REALE®B N1 +N2.N3 ’
COMMON/ZIDEBUG/IDBUGL{ B0
REAL*®B FU3:5S)FALS) +FB(S5) +FCL5)
1 FORMATI(®0 NORMAL X=*o1PE]12:.5¢3X»0Y=? ,E12.505Xe"2="%,
BE 12,50 S5X92HA=4EL1 2.5 +5X o "'8=? jE12:5¢IXe*C=*,E12,5)
2 FORMATI(BX " T1 *pl2Xs*'T20 412X aTA2% 412X s"'B2% 212X C2%,
EL2Xe N1 " o1 Z X "NZ (12X "N ' /1 PEEL18,5)
IFLIDBUGI{11]).NELD)
ENRITEL{ Eel ) Xe¥sZevA Bl
NSM=NS=1
DO 21 I=2.NSM
IF{ZJ..LE.2CI{1)) GC YO 22
21 CONTINUE
I=NSM
22 CONTINUE
CALL BDYFTIT(AL sB1¢Cl oXC{1sI=1)YCil+0—-1)+1IB,1IT1)
CALL BOYFIT{AZ2+B24C24XC(1s0 - JaYCilal )+ 184 IT2)
CALL BDYFIT(AZ B3 L3 oXCILlsI#1)e¥YC{1.1+#13:.1IB,1IT3)
IF{IT2.EQe2) GQ TQ 23
IFILITIALEIT2YsANDL (I T3ILELIT2)}) GD TO 24
60O TO 27
23 CONTINUE
IF(LITI NELIET2)a0ORL(IT3uNELLIT2)) GO TO 27
24 CONTINUE
FAC1I=1.,00/02C{2 1-2CI(1I-1))
FAC2=1.D0/0ZClLI+2)—-ZC(1I~1))
FAC3=1.00/0ZC(I#1)~ZCI(1 1)
FACS=ZC(I—-1)+ZC(I)
A2={A2—~-Al1 ) *FAC]
B2=(B2-81)aFAC]
C2={C2-C1)%FAC1
A3={A3—=Al)*FAC2
B3={B83-A1)%FAC2
C3=(C3-Cl )*#FAC2
A3=(A3-A2) X AC3
B3=(B3-82) %FAC3
C3={C3-C2)%FAC3
A2=A2=-A3%FACS
B2=B2-B3*FACH
C2=C2-C3*¥FACS
AL=A1-CA2#A3XZC{1-1))%ZCL(I-1)
B1=B1-(B2+BA*ZC{1-1))a2C(1-1)
Cl=C1=(C2+C3SZC(E-1)1%ZC{I~-1)
AX=AL+(AZ2+ATSZ) 02
BY=B14+(B24+B3¥2) *2
[F{IiT2.NE«%) GO TO 25
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26

*WRITE( 6420 T1+T29A2822C2eN1 s N24N3

27

29

30

31

32

N2==2.D0#( X-Al-{A2+A3%Z) *%Z)
NZ=—DABSINZ) $0SIGN{1.D0 e X—AX)
N3=—2,D0%{Y-Bl1-(B2+B3*X) *Z)
N3==DABS({N3I)SDSIGNI(1.D0.Y-BY)

AEDC-TR-78-68

NI==N2%{AZ2+2,D0FAT&kZ)— NIX{B242,D0%BIRZI+C2+2,D00%C3%Z.

GO FO 26
CONYINUE
N2=—-DABS{ AX) *DSIGN{1.D0 +X—AX)
N3=-DABSI{BY) #DSIGN(1.D0.Y—-8BY)

NI=—{A262.,DO®AI*Z) #X~(02+2,DOKBISZ)XY+{C2+2.,D0%C3IRZ)

CONTINUE
D=DSQRTINL*52+N2£¥2+NI 2 %2}
N1=N1 70

N2=N2/D

N3=N3/D

IF{IDBUG(111+NE.O)

RE TURN

CONTINUE

IF{IT1 .EQ.4) GO TO 29
Flle1)=0,D0
Fii+.20=A1
F{(1,3)=0,D0
F{l.4)=81

Fl{l+5)=C1

<0 TO 30

CONTINUE

Fil+ld=1,00
Fl1+:2)==2,00%A1
F{1+3)=1.,D0
Fl{l.4)==2.,D0%81
F{l12a85)=C1-A1¥92-8] %2
CONTINUE

IF{I{T2.EQ.s ) GO TO 31
F{2s1)=0.D0
F{2+2)}=A2

F{(2+3)=0.D0
F{2.,4)=8B2

F{2.5)¥=C2

G0 TO 32

CONTINUE

F{2+13=1,00
Fl2e2)=2—2.00%A2
FlL2:3)=1.D0
Fl2:8)==2.,D0%D2
Fl2:5)=C2=-A2%52-B2%%2
CONTINUE

IFTIT3.EQ.4}) GO TO 33
F{3+1)=0.D0

F{le2)1=A3
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F{3,3)=0.00

F{3+4)=B3

F{3:5)=C3

GO0 7O 3%

CONTINUE

F(3.1)=1.00

FU3:2)=—2.D0%A3

F{3:3)=1,.,D0

Fl3:8)=-2,D0%B3

F{(3+5)=C3-A3%%2-B3%%2

CONTINUE

0Zz21=Z2-11

DZ31=Z23-21

DZ3A2=Z3-Z2

Z12=Z1#22

DO A5 K=1,5

FBIKI=IF{2+:K)-Fil ,K)}/DZ221
FCIKI={IF(3.K)}-F(1:K}))/DZ31~FBI(K) )/DZ32
FBIRKI=FB{XK)-FCIK) %212

FA(KI=F{ 1 .}~ (FBIK) +FCIK) *Z1}*Z]

CONTINUE . .
N2=2.DOF(FACL)+IFB{1)+FClL)*ZIRZIEN+FA(2)4+(FBLl 2)}4FCL2)*Z V%2
N3=2.DO0%(FA(3)+(FRIZI+FCI(IIXZD*Z)SYSFA(L )+ {FBLAIHFC(A}*I)%Z
N1=={FB{1342:.DO0SFCL{1 ) 2Z) X2~ (FBI2142.D04FCL2)%2)%X
* —{FE(3)4+2.DOSFCI3IISZI*VE52~({FO{S)+2.00¢FC(A)EZ)RY
* +(FB(S5)+2,DOFCL5) *2Z)

AX=FALLI*(FB(L1)&FC{LD)%RZ)%Z

IF{AXsEQ.0.D0) AX=—2.D0.
AX=—24,DOX{FA{2)+{FBL2)+FC(2)%2)%2Z}7AX
BYSFAL{3}+{FBI{31+4FCI3)}%Z}*Z

IF{BY.EQ:0.D0) aYy=-2.00

BY=—=2.D0%{FALAV+ (FB(4)+FC(4)xZ122)/BY

N2==DABSI{N2} *DSIGN{1 ,D0 +X~AX)

N3=-DABS{N3) *DSIGN{1.,00,¥Y-BY)

GO TO 26 '

END
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SUBROUTINE OUTPUT(IT)

COMMON /TITLE/HEAD{20) )
COMMON/VALUE/ZZE X {1000) ¥ {1000} +P{1000).RHOL{1000)
*2{1000) «THETA(1000) +PSI(1000}«N

COMMON /STAG/PTOL(1000) +TTO,ATOT 2 Z0y ZMAX(«NBL{ 200 ),
*¥NBOL200) » JMAX + JPT o IB+IPLOTIT11,1IT12

COMMON FGAS/G oRC2GM] ¢GHIHGMIG:GGM] » GP1 4+ GPGM
INTEGER¥2 NB,NAC

1 FORMATL *] * 420X +20A4//730X+*2E =" 3 1PE12.5+15X»*STEP NO.*
g IS//2Xe PNDu P oBX s "X T 14X o' Y 2laAX PP 413X« *RHO® 13X, *Q°*
E 12X e " THETA Q1 I X "PSI 413X+ " MY 88X, '80DY Y/ /)

2 FORMATI1 X el 441 PBELIS.S5+1XsAS8)

3 FORMAT(*1*,20X+20A4//710X.*BODY POINTS AT ZE =',1PE12.5
FalSXe*'STEP NOs YoIS5/772XN 3 INQa 48X o " X% 14X "Y' s 14X P,
FIINe TRHOT 313X "Q* 312X s "THETAY 11X "PSTt 31 3Xe ' Mt /)

& FORMATI1X214,1PBE1S.5)

DATA NES/* YES*/.NO/" LY 4
DIMENSION XP(1002).YP{1002)
OATA XD/0407.0X725.074¥0710.07,0Y/5.0/
IFLIPLOT.EGe0) GO TO 21
F=0.0
DO 20 [=1+N
XP(1I)=F
YPITII=P(I)
F=F+1.0
20 CONTINUE
XP{N+12=X0
XPI{N#2)=DX
YPI{N+1)=Y(
YP{N+2)=DY
CALL AXISIO04s0e0a04+'POINT*s~=5314,0,0.0eX0:,D0X10.0)
CALL AXIS{QOe0s0+0+"P*41410.,0:90:02¥0:0Y410,.0)
CALL LINE(XPsYPsNsl2041) '
CALL SYMBOL(Ba0s8eDs0s15,*STEP *2040¢5) _
CALL NUMBER{IG99:0+999:40 015 FLOAT{IT)»040+s-1}
CALL CALCMP{Q40+0s0e0:2)
21 CONTINUE
IF{IT11.EQ.Q) &GO TO 22
WRITE(1I)ZE sNs[BoNB4NBOsIX{J) Y {J)+P{I)21RHOC(I)} s Q(I)»
ETHETA{ J) sPSIC J} «PTLCC J} o J=1 o N}
22 CONTINLUE
IF(ITI12.EQ.,0) GO YO 24
WRITE{12)ZE+N+18+NBoNBD
DO 23 J=1,18
K=NBO{ J}
WRITE[IZ2)IX{K) s YIK) 4P{K) sRHO{K) s Q(K) s THETA{K )} 4PSI(K)
23 CDNTINUE
24 CONTINUE
IFLJPTLEQ.1} GO TO 25
IFILIT+EQe JMAX) 4+ CRa{ZELEQ.ZMAX)) GO TH 25
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IF(MODI({1TeJPT).NEL.O) RETURN
25 CDNTINUE
L=1
D0 28 J=1+N.50
N2=J+49
IF{N2.GTesN} NZ2=N
WRITE(E21IHEADZELIT
00 27 K=JeN2
SM=Q(K) /SORT{G*PIK} /RHO(K})
I N=NO
IFINBI{L).NEsK) GO TC 26
IN=NES
L=L+1
26 CONTINUE
WRITEC(G 22} K X{K) o YI{K) s PIKI s RHOIK) s G{K} s THETA(K )»
XPSII(K) +SMSIN
27 CONTINUE
28 CONTINUE
WRITE(G6+3)HEAD+ZEL1IT
DO 29 J=1.l8B
'K=NBOIL J)
SH=Q{KI/SARTIG*P{K) /RHQL K} )
WRITE(G+4IKoXIK) o ¥IK) 21 PIK) s RHOIK]) s Q(K) s THETA(K )5
TPSTLK) oSN -
29 CONTINUE
RE TURN
END
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SUBROUTINE SIMQ{As;R:MuN)}
IMPLICIT REALFB8{A-H.,0~-Z)
DINENSION All).R(1)
DATA EPS/1.D-%5/
FORMAT(*0 SINGULAR MATRIX IN SIMQ*)
IF{M)IZ23,23.1
SEARCH FOR GREATESY ELEMENT IN MATRIX A
IER=0D
PIV=0.00
MM=M*M
NM=N kM
DO 3 L=1,MM
TE=DABS(A(L))
IFITB=PIV)I3e3e2
PIV=TB
I=L
CONTINUE
TOL=EPS*PIL V
ALI) 1S PIVOT ELEMENT., PIV CONTAINS FA(L)/.
START ELIMINATION LCDP
LST=1
DO 17 K=1.:M
TEST ON SINGULARITY
IF{PEV)23+23.4
IF(IER) T+45,7
IF{(PIV=TOL)E 647
T1ER=K-1
PIVI=1,D0/A(11
J={I=1)/M
t=1-JEMN=-K
=J+i-K
[I+K. 1S ROW-INDEX, J+K COLUMN-INDEX OF PIVOT B8_EMENT
PIVOT ROW REDUCTION AND ROW INTERCHANGE IN R,
DO 8 L=KNM,M
LL=L+]
TB=PIVI *R{LL)
RILL)=R{L)
RI(L)=TD
IS ELIMINATION TERMINATED
IF{K~-M19,18,18
COLUMN INTERCHANGE IN MATRIX A
LEND=LST#M=-K
IF{J)112.,12410
1I=J%M
00 11 L=LST,,LEND
TB=AIL)
Li=L+I1 *
A{L)=A{(LL)
ALLY=TB
RDW INTERCHANGE AND PIVOT ROW REDUCTY ION IN MATRIX A
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12 DO 13 L=LST+MM,.M
LL=L+1
TR=PIVISA(LL)
ACLL)Y=AIL)
13 AfL)=TB
c SAVE COLUMN INTERCHANGE INFORMATION
ALLSTI=J )
C ELEMENT REDUCTION AND NEXT PIVAT SEARCH
PIv=0.00
LST=LST+1
J=0
DO 16 TI=LST,LEND
PIVI=—A{L1)}
IST=IL+M
J=J¢1
DO 15 L=ISTeMM,N
ti=L-J
ALLYI=A(L) +PIVISA(LL)
TB=DABS{A(L))
IF(TB-PIV)I1S.15414
14 PIVv=T8
I=L
15 CONTINUE
DO 16 L=K.NM,;M
LL=L+J
16 RILLI=SRILL)+PIVI®R(L)
$7 LST=LST+M
C END OF ELIMINATICN LOOP
< BACK SUBSTITUTION AND BACKX INVERCHANGE
18 IF(M=1)23.,22419
19 (ST=MM+M
LST=M+1
DO 21 I=2.M
11=LST-1
IST=IST-LST
L=IST—-M
L=A{L1*0.5D0O
D0 21 J=II MMM
TB=R¢J)
LL=J
DO 20 K=LIST.MM.M
LL=LL ¢}
20 TE=TB—-A(KI*RILL)
K=J+L
R{J)=R(K)
21 RIK)=TB
22 RETURN
(o ERROR RETURN
23 lER=-1
WRITE(G,111)
STOP
END
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SUBROUTINE SOLVBPIUX sY sAsBeC+ALl Bl CleITueX1l,Y1)
IMPLICIT REALSB{A-H,0-1)

FORMAT("0 NEGATIVE RADICAL IN SOLVEP')

GO TOU21 22«23 ¢24),.IT

CONTINUE -

X=Cl1

Y=(C~-A%X) /B

RETURN

CONTINUE

Y=C1l

X=(C-D%Y) /A

RETURN

CONTINUE

Y={A®C1-C*Al) /LAXBl ~BSALl)

X={C-B2¥) /A

RETURN

CONTINUE
"IF(DABSIB).GT.,DABS{A)) GO TO 26
D1=1.D0+(B/A) 22

D2=C/A=-Al

D3=(D24%24+B1 *%2-C1) /D1

D2=(B*D2/A+B1) /D1

RAD=D2%#2-D3

IF({RAD.GE.0.D0) GO TO 25

WRITE(G+1)

HRITE(Ge2) X 9YaABeCrAl Bl ¢l oIT XY ¥1sD1,D2,0D3 _
FORMATI(?0  X=¢ lPELl 2.5 s5Xa? V=" oE12.5/3N e A= EL12.5¢5Xs

T MIB=P E1 248 45X W= eE12e5/2Xa Al =" 3EL12.5+8Xe*B=02E12,5,

R8N *CL = 4EL 2 5/2X o' IT=" oI 2414K 'X1=0 4El2454Xe "'Yi=",
BE1205/2XKe D137 gEL1 254X o "D2E" 4yEL12.5+44X4*D3="4E12,.5)
CALL ERRNCA

sSTOP

25 CONTINUE

RAD=DSARTIRAD)

Y=D24RAD

IF{DABS{Y1-Y).GE.DABS(Y1-D2+RAD}) . Y=D2-RAD
X={ C=BRY}) /A

RE TURN

26 CONTINUE

Di=1.,D0¢(A/B) 22
D2=C/B-B1

D3xl(D20824A1%%2~-C1) 7D1

D2=(A#D2/8+A1) /D1

RAD=D2 »%2-D3

IF(RAD.GE«D.DO} GO TO 27 A
WRITEC(601) .

WRITE(Gs2IX eV sAeB2CyAl 981 +C1 3 ITuX1:Y1:01,024D3
CALL ERRWCA

sTOP

27 CONTINUE
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RAD=DSART{RAD)

X=D24RAD

IF{DABS{ X1-X}sGT.DABS(X]1-D24#RAD)}) X=D2-RAD
y={C~-A%*X}/B

RETURN

END
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SUBROUTINE SORT(ON.NEN)
DIMENSION DNCN)
INTEGER#*2 NE{N)
Nt =1

N2=N

CONTINUE
DMIN=DNC N1 )
DMA X=D NI N2)
IF{DMINSLE.DMAX) GO TO 21
D=DN(NI)

DN{N1)=DN{N2)}

ON{N2) =D

N=NE (N1}

NE [ N1) =NE ( N2)

NE{NZ)=M

GO TO 20

CONTINUE

N1=N141

N2=N2-1

IF{N1.GT.N2) GO TO 24

DO 23 I=N1,N2
IF(DNCT)+GE.DMIN) GO TO 22
DNIN1—1)=DN(1} .

DNC I 3=DME N

DMIN=DN{N1~1)

M=NE(E}

NECI}=NE(NE~1)

NECNI-1)=N

GO 10 23

CONTINUE

IF{ONCI) oLE.DMAX) GO TO 23
DN{NZ2+1)=DN(1)

ONC T ¥=DMA X

DMA X=DN( N2#1)

M=NEC 1)

NE{ I )=NE(N2+1)

NE{N2+1) =M

CONTINUE

GO 70 20 ,

CONTINUE

RE TURN

END
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19

20

21

SUBROUTINE THREED
COMMON/VALUE/ZE o X{1000),¥(1000),#{1000),RHOL{1000) .
#Q(1000)sTHETAL1000) +PSI(1000)}«N

COMMON /GAS/GeROsGMY sGMIH+GML Go GGML » GPL ¢ GPGM
COMMON/NVALUZDZ«XNI1000) « YN(1000) +PNL1000)+RN{ 10001,
*QN{ 10003 TNIL1O0O) PSNI1000O) :

COMMON /sBCUT/XB(50) ,YB{(S5D)

COMMON /0CUT/XBOIS0) +¥BOL{SO)

COMMON /STAG/ZPTO(L1000) +TTOLATUT ¢ Z0e ZMAX 2 NB(2001},
SNBO{200) + JMAX s JPT 1B

INTEGER®2 NB ,NBO

REAL #8 ZD+DG +DRCeDOGML sODGMIH.DGM1 G DGGM] » DGP1 4 DGPGM
COMMON /DGAS/ZD+DG+DRODGME yDGMI HeDGM]I GsDGGM1s DGP L e
XD GPGM

REAL*8 PTOD,.YTOD,ATOD

COMMON /0STAG/PTODIL1CG00)»TYODATOD

DO 19 I=1.N

PTOR{I )=PTLCI(1)

CONTINUE

TTOD=TTN

ATOD=ATOT

NG=G

DRO=R0D

OGM1I=DG~-1.D0

DGMIH=0.,SDO DG M1

DGM1G=DGM1 /DG

DGGM1=1.00/DGMI G

DGP1=DG+1.D0

DGPGM=DGPL1/DGM]

CALL CuT(zZO)

ZE=Z0

DO 20 I=]1.+.50

XBOLId)=XB(1)

yBO{I)=YB(IL}

CONTINLUE

DO 26 J=1.JMAX

CALL OUTPUT(J-1)

CALL DIST(DS)

DZ= 0.5%D5 )
IF{{ZE+DZ).LE. ZNAX) GO TO 21 ' .
IF(ZE+GE.ZMAX) RETURN

DZ=Z MA X~ ZE

CONTINUE

20=D2

CALL CUT{ZE+DZ]

K=1

DO 23 I=14N

CALL FITLI)

IFINBI{K).EQ.I) G0 TQ 22

CALL FIELD{IL}
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GO TO 23
CONTINLE

CALL BCODY(I)
K=K#1l
CONTINUE
ZE=ZE+DZ

DO 24 I=1,4N
XEIY=XN{I)
Y(I¥=YN(I)
P{I)=PNI(T)
RHO(I Y =ANC(I)
QIT)=aN(I)
THETAL L )}=TNI(I)
PSI{T)I=PSHNLI)
CONTINUE

DO 25 I=1.50
XBDL(1Y=Xx8([}
Yeo(I1i=vyB{1}
CONTEINUE
CONTINUE

CALL QUTPUTU(JIMAX}
RE TURN

END
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APPENDIX B
EXAMPLE PROBELM

THE SAMPLE PROBLEM IS FOR M = 4.1 AXTSYMMETRIC NOZZLE WITH GAMMA
= 1.2. THE NOZZLE AXIS IS ALIGNED WITH THE z AXIS. THERE ARE 48 STATIONS
FOR THE BODY GEOMETRY. THE STARTING PLANE INPUT HAS ONE RAY WITH 11
POINTS. THE COMPLETE STARTING PLANE IS GENERATED FROM THESE 11 POINTE TO
A TOTAL OF 346 NEARLY EQUALLY SPACED PQOINTS. THE ARRANGEMENT OF THESE
POINTS IS SHOWN BELOW.
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IL

THPUT CARDS

o0000000011LIL1181 1222222033 NI 3A4444A444455 0S50S0 60666085867 T7TTTITT
123456TA00) 2345478901 2TASETAROL 2345478001 234567001 2343467090 [ 234347300 1234567400

WACH & WOZXZLE (Go9l.24)

LY.

5 1 9.209
1.0153Z2 0.0

h 1] 3 Q.28
1.0229% 0.0 '

38 3 0.30
1:03248 0.0
38 . 3 0,35
104594 9.0

s 3 0.40
1.0603L 0.0

35 3 Q.48
107710 Q.0

36 3 4.%0
1.00561 Q.0

" 3 0,55
lallSBE 0.0

as 3 0.60
113762 Q9.0

35 3 Ba85
1.16088 0.0

s 3 D70
1.18442 0.0

k1.3 3 Q.80
123055 [ 1Y ]

36 T Da9D
1. 28315 [ 11

p- 13 3 1.00
1,33273 0.0

36 3 1.0
138226 . D.0

ae 3 1.20
La47171 [}

35 3 1.3
1.48103 0.0

36 3 1440
1.33028 0.0

k1. 3 1«54
1.87938 0.0

1.3 3 140
1.42831 0.0

36 3 1.TO
167731 0.0

s 3 1.80
1.725T74 0.0

E]- 3 1.23280
1.78990 0.0

35 3 2.00378

ODoUoODOO 1111111111 222222232238 33304444840 04453555050088366666666667 TTTP2TYTTS
1245 TAROL2 TASGTR901 23ASSTADAL 2 JAGA TGO 2345ETAG012J4SATADD | 2I4SSTHPO 123AB4TARN

89-8L-H1-003V



Tl

TNEUT CARDS

0O00OPOCOLI11131210222222222233333333334404444444555585559560880600680T7TFTTTTT?TA
123436TA90123430789Q1 2345672901 23450 7TE901 23456 78901 234567090 1234567890 1 23454 PAO0

1.86711 0.0

36 3 2.28244
195576 pa.0

L] 3 2.70040
205562 0.0

38 A 2.T518T
Ze 16697 Qe
1.} 3 3.04018

2290 26 [-I'1.}

a6 3 Z.anm
2242576 (-1}

J& X 3,T5t138
ZaBTIGE 0.0

34 3 4.14879a
2,TITBA 0.0

35

3 4,689
2,90607 0.0
35 3 5.2870L
3.08965% 0.0
ae 3 5.93209
Js28351 a0
a6 3 G.697TH
3.,48569 0.0
ELY 3 T.S7930
3.69348 0.0
‘3 3 B.59138
3.,92291 Q.0
3e 3 9. 74727
a.10885 0.0
38 3 11,0587
4.30581 DO
k1] 3 1Z2.9192
4.48814 0.0
11 3 LAs1196
#.03912 0.0
s 3 15.8202
4.76413 0.0
as = 17.9962

35 3 20.TONU
4253043 0.8
35 3 E2Z.0250

B JYUBEAT LI
1. 3 V0095
8,97238 9.0

kL] 3 24.0
GaSTHLE 0.0
1228 L00a0 100.0 1716.0

QU0000000LILE 1111122222222 NITARIITI4AAALAAALASSNSSRSSSSEG005CE66T?TTTITITTITS
12345678901 27456TASOL2I4S6TAVA I 2 GS78) 1 2343678901 23550 7890123456 769012 14567E690
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el

INPUT CARDS

0000000N0111111L111222222222233 33333314444 44440455 S5S8E5S04A8 88888057 TTYT7T7TYS
12345678901 23456TES0I 234 54TET01 ZI4SE7E00L 234678901 2345678901 23438T0430 1234547890

Ge20S 240 a 1 11 36 100 140

[ 29 ) LT ] 59,038 1.0108 [ 9] [N ) L8 ) -]
0410153 Q.0 54. 887 1.01291 0. 2245686 0.0 o0 -]
020306 0.0 S4,039 1.02022 S AT5AE 249 [ 1. ] .}
Do 308D 0.0 S3.6T6 1.03271 Ou TTO8L R0 DB o
Ced0813 0.0 52.571 1+ 05091 Lal689T 0.0 0.0 -]
QeBOTEE 0,0 1. 070 1.07871 168158 Q.0 3.0 o
0560919 Q.0 40127 110839 2.36939 0,0 0.0 a
071072 0.0 ab. 613 115183  3.30375 8.0 [ F] ]
0.01228 Q.0 43,383 1.200905 4.58134 0.0 0.0 -]
0L9L379 0.0 39,248 1285800 #2552 0.0 8,0 o
1.01532 0.0 334 953 L+39503 S.678i4 0.0 Da0 1

4000000001181 1111113223 2223335 3323333333444 84 4488000088 556508008008&6T77FTTTTITTS
1238%6TAU01 2456 TAOOL 2ASATEIO] ZIASHTEC0L 2I45676901 2345678901 234347470 1234567090

89-8L-4 L-003Y



¥L

MACH & MOEZZLE {Gal.24}

STARTING PLANE 1NPUT

GAMMA =1,240 PTD = 1.00000E 32 TTE = ]1.00000E O2
ZD= 2+05000E-D1 ZHAX= ‘2440000 91 ITYPE= & 1YY= 4
I1PLOT= § 1911= 0
X v L ]

R = 1,71800E 03

NPTS= 11
IT12a o

THETA

NRAYS= 3N
INELIGH= ©

rTD

100

JPT=

198

89-84-41-2Q3V



SL

-
LR N LK NN KN T

TR R R R N N N N R R R g R i T TR TR TR VO U T S R R S
gsuqﬂﬂﬁﬂﬂlﬂoiﬂliﬂllblll'\ll—ﬂdhﬁlﬂldlbumv‘gﬂh:bubruluu

Q.0
1+ 01 B3QE-01
B3.0T65LE-02
=84 0TOASE=D2
=12 01530E-01
=3, TE51E-p2
S.0Ta48E-02
24,03Q60E~-01
L« 75ASSE-D1
1. 91530E-01
Z2e 57A03E~D7
=1-801330E£-31
~1s75855E=-01
-2=03080E-01
=1.75859F-01
~1.01330¢~-01
=3 A4 5F-0T7
1.01530€-01
1«TESSSE-D1
3.A8600E~D1
2«88058E~01
2. 4037ZE-01
1«666018-01
T=d7TI4E-02
~2:91931E=02
-1 «233358E-101
=24 0E2090E=01
~2.567TEATE=-01
=3 004458-01
-3 20088 GE=-O1
—2.47888E-01
=2:05301E-01
=i « 2235BE-01
-2 51535E-22
TeATT23E-02
T «E6399E-D1
Za243371E-D1
2 wBBOISE-DL
4,058 30e~-01
S+ 9IAITLE=DOL
2. 558MME-Q1
24 PROMSE-DL
2-1T615E-01
l«25502€E-01
2.55015E-02
=T 6100BE-02
=1+ 7292Z1E-01
~2:388T7E=01
=3 IBSLEE-D1
~31a 7TE&10E-D1

WACH & NOIZILE

IE = ZJ0NSI00E=-01

a0
0a0
B 792 TAE-D2
8. 792 T6E—D2
1.506T9E =0T
~ 8. TO2TAE- 02
-8By TOZTGE- 02
[ -]
1.31530e-01
1+ 7505SE-01
2.03080E~-01
1. TSBSSE=0]
1.01530E-01
Ju21159F-07
- 1.01%30E=01
—1.TSAS5E-0OL
=2.03080E~01
- 1«T3BS5E-01
=1.BIE30E~-01
0.0
9. 8903302
1. 87089E-01
2.55001E-01
2+ 952 TOE=01)
3.835808-01
' 2.7E94SE-D1
2,231 02e~01
1« 8449 T4E-D)
5.01368E=02
~ 8,01 30586~ 02
=1.449T72E-01
=2+ 24101E-01
=~2.7TA9ME-O1
= 3,93I569€-01
=2.93280E-01
—2.55002E-01
=1:8791E=01
~9.89060E-02
G0
1.01000E=-01
1+95654E-01
2.7B015E=01
3.82907E-01
J.BG252E-01
A,05329E-M
3.98936E-01
32674 TAE-D1
el 292501
2+38T1BE-M
12 49307E~01

S«50350m
S.an870E
S.488TDE
S A08TOE
S<40A70E
B. 488TQE
S:8BBTHE
B5a #4390

Ba443OF

S84 390F
Sa44390K
Se 44390
Sa 343908
5.44390E
S. 443908
Sy 84390E
5,44190E
S. 44300
Sa b4 IV0E
SWAETHOE
S.38780E
B X6 T60E
BeIGTGOE
S5.367T008

‘S«36TH0E

S.34750F
B.IETE0E
Se36TADE
S+ TO0E
5. ISTHOE
Ba2aTE0E
S AGTEDE
SIS PE0E
B« JLTE0E
S+ A6 THOE
Sa36700E
G 36700E
S+ 36750
S.29710E
S«25T10E
S« 23TIOE
S, 2571 0E
S.2571 08
S.25T10E
5251 0
S.25T10€
B.25ET10E
S.25T)1 08
Se23T7T10E
S5.25T710€

{Gala.24)

L 1]
o1
2"
a1
o
L1
a1
ol
o
o1
ol
o1
m

L
ol
ol
o1
ol
ol
o
o
ol
L1
o1
[ 1]
ol
ol
]
o
2
ol
n
14
o1
01
ol
o1
[ 1)
a3
a3
a1
a1
o1
(1}
o1
ol
o1
o1
.} ]

STEP NO. o
RHO [

3.50015E-04 42399526
3,592%4E-04 4.40887F
3. 302JAE-04 Sy 40BBTE
3.S9ZINE-04 . 4088 7E
1. BOZIAE-04 8, 40387E
3. 59234E=04 S 40887E
3. 502Z34E-D4 S 4DABTE
3, SARSGTE=-0A 4. 43717E
A SEBLTE-D4 B RITITE
3. 5H06TE-04 MeMATITE
3, S6867E 0% 4.43717E
-1+ S606TE-O8 S A3P17E
3. 36BETE-04 8 A37ITE
3.556067E-D8 4.43TITE
3. S806TE-0A 4A3TITE
3.56888TE-O4 Aa43TITE
3.58B887E=04 4 45TLT7E
3. BBETEDS 4,83717E
3.5686T7E-04
3,.32BAEE=-04
2 52828E-04 4,485 36E
3.52428E-04 Iy YLETTS

3.52828E-04
3. 52828¢ 04
3.32az20E-04
I.52028E-00
3. BE2B20E=DS
3. 52828E-04
J«32820E-04
3+32EZ2BE=048
3. 52824E-D4
e S28Z20E-06
82822504
3o S2BR8E-O8
3.92828E-08
. 5028E-04
J1.32028E-08
AuS262BE-04
S 469%0E-04
J3+30939E=04
2.4099%9=-04
3. A5959E-04
. 46O SUE—DA
A4 8FBUE~-04
I A6USIE-Q4
Ao 4H9IDE-D4
Ja 4595S9E-0%
3.46939E-04
3. ABVSHE-O8
3.4 5930E-08

4248535E
A, 40530F
448536
Aah33IISE
A 245530
#.485158
4248535
54435358
448538
4.48536E

4485366

A.49550E
S 85308
4 243536E
42485386
4.55523E
$.55323E
$.55523E
4.55523F
#,555a%p
4 58523F
&.59%5235
SYSIIE
S.5A5ZIE
$55523F
$2B5523E
S .85523E

a2
oz
az
azx
a2
az
o2
a2
a2
o2
ag
o2
02
oz
az
oz
o2
33

-1

THETA

2.0
3.92103E=03
1.94833=-03
-1.96QS2E~03
—3.9210%E-03
=1.9053E-03
1.96052E~03
B.29798E-0O1
T.18623E-03
s LABDSE-0
1 .05185E-08
=8 LAASRE-D]
=T«l18423E-03
~5+29T98E~D3
=7 e 1 BOZAE-DD
-4 14895E~03
=L-STESIE-DO
A+ 14093E-03
TelBsZIE-03
1« 351 02€E-D2
L+ 2872RE-02
L.074D3E-02
Tada304E-02
343%104E-03
=Lal1238TE€=0)
=S5 dEOPIE-03
-2.21TTaE-03
=Llal969TE=02
—1a3424BE-02
=leJA246E=-D2

=1195690E-02"

~De 2L TARE-0D]
~SaAGTOBE=0X
~1.12397E-03
A434091E-03
Te®4JABE-OF
La07402E-02
L+ 287 2TE-O2
2+04D24E-02
1.97613E-08
LaTOTAAE-D2
1-48722E-00
1+09315E=-02
GaJ30A3IE-0
1e2BIDIE=-D3
~3.82274E-03
—-8+8867DE-03
=1+ S0 A8F-02
=1.65084E-02
=1«89894E-02

Par

-1}
0.0
3:39573E=02
A4 AYATRE~-DD
Ge 201558 -0%
=3 398 73E~03
=3.39374E-0]
0.0
$.14905E-03
T.18629E-03
B.29798E-03
Te135630E~-03
4. 1490TF-03
1.312A%E-0B
~ 8+ 140905€-03
~Tul18829€-03
+~B.Z9TIEE=03
~To10030E-03
=R 14507E-03
Du0
4,81947E-D3
8. 35980€-03
1.13042€-02
1+ 31938E~ 02
£« 3363802
L 20E408—p2
1:QDEITE=DZ
E.4T8100-D3
2.2403%=D3
-2+ 200 26E=03
=52 4TAGLE-DI
=1.00136€-02
=l 20BA0E=02
=Ls3563TE-D2
=1.31938C-02
=1 13983-02
-8a3500E- B3
—dad ]G 0E-0]
Qa0
S.07481E~-0Y
2. 42995E-03
1.396TAR~02
Lo 722T0E-D2
1+ 94DA0E~- D2
2.0MNE-OF
2.004118-02
1+.8881]E-02
1+.37212E-02
1s19933E~-02
TaS1154E-03

1:01050€
1.012010
1012018
1.0129NE
1.01291E
1.01291E
1.01291E
1.02022E
1.02022E
1.02022E
1.02022E
1402022E
1.02022E
1.02022E
1.02022E
1.02022€
1,02022E
1.02022¢
1.02022€
1.03271E
1.03271E
1.03271E
1.032E
1.03271E
1.03271E
l.03271E
1.03271E
1.032718
1.03271E
1.0321E
1a03271E
1.03371E
1.03271E
let3271E
1.03371¢8
1.032718
1.03271E
1.03771E
1.03091€
1,09091E
1. 080918
1.NB091E
103091 E
1.05091E
1.08001€
1.03091E
1.0509tE
1050918
1.08091E
105091 E

00
80
oo
-0
L1}
oo
-1
oa
20
ag
o0
o0
oo
oo
o0
oo
00
1]
oo
oo
ao
oo
oo
-1
Q0
a0
-1
20
o0
a2

aoDy

89-BL-HL1-2Q3V



9L

-1 3
§5
56
aT
L]}
b1
50
&l
a2
53
L1
55
1.1
a7
58
49
Ta
Ti
72
Ty
T4
3
78
44
T8
™

83
a8
-a?
as
9
a0
1
22
3
a4
3

97
va
"9
100

~8»0202TE=0Y
=-4,020928E-01
=3.TTSL08-01
—3.2856TE-01
-2,58878E-012
—1=12622E-91
=7.51023E-02
2.54992F~-02
14 25498E-01
PelTE1ME -0
24 950S4E-231
1,5589aE-01
3. SI3TAE-DL
S5.3TEAIE-D]
& ST26B8E-01
4. ELS18E-01
4. IBB59E-01
3.49761E-D1
2, E853AE-01
1.786313E-01)
7. 8B 7AEE-02
=2.57118E-02
-La2T245E-01
~2.238TPE-D1
-3, 10741E~01
~3:45191E-01
A3BTAE-01
=4 843 TAE-01
=5.05055E-D1
=5.05039F=01
=4, 843TAE-A1
—4.43871E-01
-1.85192E-01
=3 LOTAZE~0]
= 2.23872E-01
—1.2T247E-D1
= 2aST184E-D2
T2 5BTIO0F-D2
la TE311E~D]
2.68532E-~01
A, 45TE0E-
S 1GE5TE- D1
4. 6851 TE=D1
84 97268E-01
S.00190E~01
4,00041E-01
5. TE1828-01
S.3ITETE-01
4. A0TATE-O1
8.12599E-0¢

MACH & MNOZZILE

ZE = 2,05000E-01

8.05022€-02
=5,09000E-02
=1.39506E-01
—2«JAT16E-01
=3.12928C-01
=-X.4P477E-0O1
=T 98936E-01
=-4.09729E-01

- 3.4 2908~
-2+ THOLT7E-OL
= 19 956S0BE-01
=la0tB02E=~D1
- Iy}
1.02191E=01
2,001 98E-01
Z+.90010C-1
3. 6TO&BE- 00
4, 70822E-01
& 740392-01
S 01B0LE-01
5.0T7008E-01
4,91454E-01
4.33780E-01
A,014452-01
J.3006THE-01
2 0A369E-01
1:5197T&E-OL
S«13671£-02
~ 5« 13581202
=1251978E-01
=2+ 85307201
-2, 308TSE-01
=4O 1ANZE-D1
- 4259T7TTSE-01
= 82714545 -01
=5.47TA08E-01
- %2 01805E-01
- 4o 7TGO0B0E~- 01
-4 30B2AE~-01
=2, 6TRA9F-01
~2«900L2E-01
= 2: 00200E=0)
=1:02194E-01
0.0
1.00260E=-01
1.97803E-01
2.89942E-01
3, T4l 72E-01

ha RB19BE-O1

5. 2S710F
S 25T7T10E
S,25TL0E
S+ 25710
S.25T10E
B«25T10E
5257106
S+25710E
S.23T710F
S5.25T10E
2229710
S=25710E
S.2571 06
5S4 10790
S tO7I0C
5.10790E
S« 10708
3. LOTSOF
S+ 107906
54 10790
5. 107908
5. 10790
Sa 1OTIE
Se 10790
S5.10790E
3107908
Se10790E
S:10790E
Sa 12TR0OE
S.10790E
e 10790E
S5.10750E
S+10790E
S+10700E
3.107940E
S.107%90E
S« 10790E
%5a10790C
S« 107988
Sy LOTH0E
S« 10790E
S« 10790E
SalQrIgE
3.10790
4391270
4.912T0E
4,91270E
. 712708
8.91270E
4. V270

(G=1.241)

o1
o
o1
ot
ay
ol
o1
(1]
.78
[1}]
o1
[} )
ol
o1
1]
o
ol
o
[} ]
k1)
'}
1} ]
m
L3 ]
o1
1]
ot
ol
7l
o1
31
a1
01
[} ]
[}
01
o1
"
ot
a1
91
ol
o1
o1
o
ol
L}
L 1]
o
o

STEP NO. [
RHO ]

I AGISOE-D4 4 .55523E
3. 460SVE-ON 445552 3€
3. AL0SOE-DA 3,55523E
3.465959E-04 4.595238
3. 46050E-04 4 ,55523€
3.46959E-04 4.55523F
3. 45959E-04 4.55523E
B ASUBIE=00 #.555238
.4 56959E-08 B .3352%E
3.AEOSDE—DA 4.38523E
3aASYIDE-QON $a55523E
3. 46989E-08 #255523E
1, 4695E-08 4.55523K
3 J90AE-09 & 4649758
3. 3995E-04 A 549TS5E
3.38905E-Dh 4.,549TSE
3. J8996E-04 8 .84975E
3, 38998E-04 8 .849TSE
1. 38996E-08 4 .699TSE
3. 38998E—04 4.649T5E
32 38996E-04 4, E4UTSE
3. 3890608 4 .846T3E
3. 38996E—04 4 .530TSE
3. 38996E=04 S, 649T3E
3,38096E~D4 4.549TSE
3. 3995E-04 8. 649TSE
32 38998E-04 42649 TSE
3. 3099CE-04 & .649TSE
3+ JOAIVEE-Q & 4 v 549 T5E
3+ 30998E-04 & LAAYTSE
34 38996E-04 4 689 TSE
3, 30998E-04 &4 5497TSE
3. 38996E=04 4 .649TSE
3.38995E-04 4.B89T5E
343899604 4 .6497SE
3o JONILE~DS 4.64973E
3.38905E~04 " BA9TSE
3 IBTIBRE-D4 & .549TH5E
A4 IBFFSHE-O4 SaBA9THE
3. 38096E-04 849 TSE
3.38996E-04 4458079
1. 38996 E-04 4.68975E
A.3899BE-04 2649758
3 IBNOEE-O8 h+BASTEE
3 28508E-D4 SaT7IBAE
3.28508E-04 4 TTIaNE
3. 28508E-D4 S T7334E
3,28508E-04 &, TP38RE
3.26508E=-04 4.7T384E
3.28508E-04  4.7TIGME

L}
oz
a2
oz
D2
a2
02
a2
o2
[F]
o2
02
52
o2
D2
o2
[ )]
o2
o2
o2
82

o2
oz
a2
oz
a2

a2
az
a2
a2
92
a2
a2
a2
o2
a2
az
92
o2
az
az
-4
Q2

THETA

= 2028 10E-02
-2sD2815F=-02
=1+89695E-02
- 1l.65095F-02
=1 J0044E-02
~BathB64GE=-0]
=3+82282E=D]
1.28089E~-03
&u30N LAE=D3
1.09315E-02
1,83721E-02
1« 78783E-02
19761 3E-D2
2.93491E-02
2.8TAALE-0D2
2.097008=-02
2.408TSE-02
2.02190E-D2
1+.382308=02
1.01918E-D2
4,84368E-03
=1.4882%E=03
=7 ,33338E-03
=1+ 29234E~02
=1 .79631E-D2
—2.225TS5E~02
-2+ 306 0ME-02
=2 .80027E-02
=2+ 91989E-02
~2:91983E-02
-2 .,80028~-02
=2 S6604E-02
=2+ 22413E-D2
=1.79632E~=02
=~1429237E-02
~T«ASB4TE~-02
=1u4B640E~03
4. 48388E~0]
L:019MTE~-D2
1.53229E-02
2.0219CE-02
2. 40874E-02
2. 69099E-02
2.,874818-02
44 135365-02
4.07A92E-02
J.PL110E-02
Je3ISTIE-D2
J.2EIQE-02
2.8003TE=0R

2+55T4TE-03
-—2455TH1IE-0D
=T«35140E-83
=1l«199313E-32
—1l«37211F-02
=1.BALLOE-O2
—2.004)1E=02
=-2+02€6216-02
~1.9%001E-0%
= 1. T22708~-02
=1.390673E-02
-9.83001E-Q3
~S.0TALZE-DO3
G0
S.90995F-43
1.15TGBE-D2
1:674CAE—02
2,13TAGE-D2
2. 4908902
2aTI231F=D2
2901 08E-02
Zug3ilag-n2
2.84127E~02
2.63812E-02
Z.72111E=-02
1«9L204E-D2
1+42863E-02
8,78839E-07
ZITH10C-03
—2+95998E-03
=-8,7A82TE-D2Y
=1+ 4T802E~-02
~1:91203E-02
~2+32110E~02
=2.63512E~-02
=2.84127E-D2

=2.971014E=02 -

=R +9010GE-02
=3+ 73222E-02
—2.490906-02
=2« 12750C-02
—le0Ta90E-02
=1.15769E-02
=5.3H9T0E-03
0.0
Se8103%=-03
LadadANE-02
1«98900C-02
22 54089E-02
J.04328E-02

1.G9091E
105091 E
1.05091E
1.05001E
1.05091E
1:05091E
105091
1.05001E
1:05091E
1.9%5091E
105001
1.05091EF
1:05091F
107S71E
1. 073HE
1.07371E
12 073TLE
1:073T7IE
1=A7TSTLE
laOTS7IE
1.07STLE
1.07T3T1E
1.07TST1E
1:075STLE
1.0T511E
1.07571E
1.DTSTIE
1. 075 T1E
1.07571E
1.07SHME
1.075TIE
1.07STIE
1.075TIE
1,078 E
LaQTSTIE
L O7STIE
1.0757T1E
L O7STIE
1.075ME
1.073TIE
1.07STE
1.O0TSTIE
1.07571E
1.07571€E
110839
1+10899E
1.108%98
12108358
1:1005%9E
1108898

89-8/-41-203VY



LL

01
102
103
104
109
196
o7
108
109
110
111
112
L3
11%
115
11&
117
118
119
128
121
132
123
126
125

127
128
129
1310
13}
132
133
t3s
135
138
137
138

140
141
142
143
TAa
145
1abd
147
148
149
180

3.33198E-01
2.44TO9E-01
1« 49548E-01
5,03070E-Q2
~5.03061E-00
=1 4 40546E=01
-2+ 4ATORE=QL
~3.33]193E~01
-4.12503-0L
-4 BOTIGE-]
=54 3STEGE-0OL
=S5 T2182E=-QL
=6 Q0881E-4a1
-6+ 09190E~0)
-6y 00BBZE—OL
=85.78153—-01
=S5+ 35THTE-DL
—4+B0TITE~D)
=8 e 126594E=01
-3« 3319 7E-01
—2.M4TI0E=O1
=Laa0Sa9E-a1
=5.03103E=-02
S«.02051E=-402
1. 29545E-41
2.44707E-0L
3433192E-01
4« ) 2990E-D1
4, 80T3ASE-01
S 29758E-01
S.751L81E=-0]
6.00881€E~01
7410720E-01
T.01485E-01
G« 8103 1E-01
5,48498E=01
5.97898E-0tL
S5237126E-01
4.63823E-0L
3484 284E-01
2.95280E-01
2.00231E-01
1+0114TE=01L
Q+:0NG22E-DT
-1.0]1145E-0%
=2.,00237E=0L
=2: 9524 3€-01
=3.84243E-01
=~k 654 22E~QL
-5,3Ti286E-31

MACH &4 KDZZLE

IE = T, 03000E-D1

5. 09993801
S« 57880E-01
=. 20549E-01
By 0TLO9E-D1
5. 0TLOSE=-D1
B¢ FOSAGE—D1
S.8F8R0E=01
5. 09098E-01
4,401 MEE-03
Je 741 72E-01
2.8904 3E - 01
1.9T80%E~-01
1.002 FOE-O1L
9.63492E-07

=1.00208E-01

= 1. 97BO2E-H1

—2,A9941E-01

~3. 741 TIE-D1

=& BA195E=01

-5,039992F-01

-E,3TaTOE=01

-5, FO5HPE- 01

~56.0TLO9E=-01L

~ 5. 071 G9E=01
~S.00549E-01
~5.53TABLE=01

-G« 0999EE-01

- k. 881 9BE-DL

=3 T4l TAE-D1

—2.B9940E- 0]

=1.97807E=-0OL

=-1,00273E-01
0.0
1:01145E=01
2,00233E~-01
2.95243E-01
3.842448E-D]
. 55422601
Sa3TL20E-OL
8, 5T8956-01
4. AGADIE-O]
G.8193LE-01
T:03486E-D1
T.l0720E-01
T.035a60-01
B.B1SIIE=01
OebEAP4E-0O1
8. 97896E~D1
S.IT127E-01
#.55423F-01

S 91270

{Gwl.24)

4,91270E
4.912708
Aa.912708
491270
4.91270E
4912 70F
N2 W12T0E
2.912T0E
4,912708
S+ QL2 TOE
4. 9127T0E
4491 3F0E
42 912T0E
A, 91270
492708
A P12T0E
4+91270E
4. 2T0E
2,912 TOE
A4+912T0E
A 912708
4.912708
44912T0E
h. PI2TOE
491270
A5 91270E
4.912708
$.9127T0E
4. 912 T0E
4, 861200
34561308
S. 6641306
4.681308
A 6E]I0E
A8,601306
4. 661340C
42561 30F
A 866130
4.8£130C
A G8130F
4.65130E
A, 86130F
4,681 308
4e b6 30
Be 68120F
AeHE1I0E
8o 85] 30E

5TEP ND,

3. 28508€=-04
3. 20508E-06
3. 28500E-04
Av 2830HE-QA
J.28508E-04
3. 285%06E-04
3, 280508E-0%
3. Z2a508E-G»
J.28508E-04
3, 28%00E-04
3. 2a509E=04
3.20508E-04
J.2a508E-04

. 3« Z8V0BE-0)

1,28508E-04
3. 20508E-04
3.28508E-04
J.20508E-04
A.2850BE-04
3. 28508204
3. 283088 -04
3. 28500208
32850808
3.,205080-04
3. 28500 E-00
3« 20508E=-04
3, 28308E-04
1.28508E-04
3, 2830HE-O4
32.28300E-04
3. Z0S0DE-O8
3.28308E-04
3. 14883E-Ds
3. 18083E-04
3, 18BA3E-DA
J.14883E-04
3. 14893 E-04
3 14883E-04
3.14083€-04
3e14883E-08
31,1488 3E-04
Ja14082E-04
314833504
3. 14887E-D4
3. 14883E-04
3.14B83E-04
Je 184883E-O4
3.14883E~04
3.14883E-0A
3+ 14803E-D4

§.T7I84E
Ra7TIAAE

4.7TI0AE .

Ay 7T3AAE
.7 T238E
Sa7TIAAC
A 773GAE
&.773840
A .7T3HAE
4. TTIBAE
BPTIGNE
A, TTIAME
S TTIDAE
.7 T3BAE
B a7TIBAE
Sa7TIOAE
&.773mAE
BL7TI0AE
4.7 T3A4E
A.7TIBAE
2 .7T30AE
So7T7THISE
& TTIOAE
4, TTEAAE
S.FTIONE
B 7TIBAE
4o 7TIBAE
Bu7TINAE
A TTIHAE
4 -7T3I00E
S.7T7384E
&= 7TIB4E
4.9 343%E
4.9 3289E
§,2 34808
4. 9ARI9E
& .9 J089E
A «2BZVHIE
4.9 I4B9E
4.0 148%€
& .934B5E
$.93448%E
5.9 3480C
4,93449E
4.93439E
4.93809E
&.9388%E
&.23489E
&.9 3I449E
4.3I409E

az

a2
Q2
o2
o2
a2
L-H
az

THETA

-

Zu26138E=-02
1 660 TSE-D2
1.01490E~02
I8 1A02E~D3
=341 396£-03
= 1s014A9E-02
=1+6607T3E~02
=2.20107E-D2
=-2-.80037E-0F
~3226303E-02
-3«036T0E=02
=3.91118F=02
-4.07T893E-02
13335E-02
—-4207893E-02
=J91118E=-02
=1.63671E-02
-3 26304E-D2
-2.00038F-02
=2+ 2613I9E~-02
=1+.56607TE~02
~LaD1AF1E-O2
=381 A24E-03
341 389E=03
LsOL4A9E=-D2
12680TAE=D2
2.26L ¥SE~02
2.80035E-02
J226302€E=02
J.616TOE-02
3491137E-02
$,07093E-02
S.T78613E-02
S.7073TE-D2
S«33232E-02
S«24435E-02
#aBAP9SE-D2
4336 T1E=02
B TTABZE-02
Je11818E=02
ZoIWME-02
1.82358E-02
Ba.20145E-073
T+30319E-08
=B 201508-03
=1.623&67E-D2
=22 3942JE-D2
-3 1161 TE=D2
=3, TTARIE-02
=& IS6TI1E-D2

L4 1]

JudE238E=02
N TATHOE-D2
4. 00098E-02
A4121285E=D2
$a12)1F6E-D2
&, 00096E-02

3,TATALE~QR

J.A5E0E-02
304320 -02
23409002
1.98900E =02
1+ 34JKAE~02
6u.B1042€-03
SuSA4Z1E-DS
-5.81030E-03
=1 3434 3E=-02
- 1-25908E-42
=2 +SADBYE-02
=32 04 3J28E-J2
~ 34824 TE~-D2
=3.TATADE-O2
- 42000 96E-D2
~8+12125E~02
-8,121268€-02
-4, 00894C=02
=3 TATH1E=02
~A.A5259E~02
=32 04330E-02
—2.SAUDDE-02
=1.96910E-02
~1la3A3AGE-O2
~6.81061E-03
Q.0
B.21497TE-0]
1.62616E=02
2.3978IE-02
3.11985%E-02
3, 7704 0E-02
A4 A5962E~02
4 ,88238E~02
S 2400%E-02
2.53704E-02
S.TO?SEE-O2
8. 7661 3E-02
S.TATSTE-02
5.53305E-02
Se20&06C-02
4o 4S2ISE-0D
4.359B2E-Q2
B.TTEMIE=-DZ

L 10859¢€
1108398
L+10859E
1+1083%9E
1 +10859E
1+ 1OAS9E
2.L0B39E
1+10389E
1+ LOASSE
L1 OBSDE
1.1083%E
1.10839E
1.10459€
1210809E
1.1085%9E
1.1 085S

110859
1.10829E
1 +10859E
1. 10859E
1.,10859E
1.10889€
1.108%9E
1.10859€
1:10859E
1,1085%E
110859
1.1 0RS9E
1.10859E
1.10859E
1+10059E
b«151A3E
1.15183E
1.15183€
1-15L83E
1.15183E
1.151B38
t.151L83E
1.139183E
1.191838
L+15LBAE
L«19303E
1.151038
LeL5LBAE
1.15183E
1.13183E
1,15183E
1.15183
1.13183E

og
L 0]
oo
(]
Do
oo
ba
(1]
-1}
-]
oq
o0
oo
29
op
-1
(-3 ]
oo
op
0%
op
op
-]
op
oo
1]
-1
op
ag
L1 ]
oe
o0

ad
oe
Q0
ao
ap
-1}
1]
1]
-1
o0
oo
oo
a0

|aDY

g9-84-41-003vY



8L

13t

152
153
154
155
158
187
198
159
140
161

162
163
164
184S
168
167
1.3
1869
170
171
172
173
1Ta
1rs
178
177
178
179
180
181

182
183
1848
1AS8
186
187
188
1a%
190
191

192
193
194
195
198
197
L1}
199
200

-5.97895E=01
=84 o #4I9IE-D 1
=E+81930E-0D1
=T+ DIABEE-01
=7.10720E=01
=7.07485E-01
-4 B1531E-01
-G 404 D4E-DY
-5 97896E-01
-5.37127E~-01
-4+ 654 24E-0L
~3.A245E~01
-2.95245E~-01
-2, 00234E-01
-1aN1143E-01
— % TI621E~D8
1.01142E-0%
2.00230F=-01
2495242E-012
3.84241E-01
4.85420E-11
5+37125E-01
S« 97894€-01
6, 46A02E-D1
6,81930E-01
7« 03AASE-DO}
B, 12200E-D1
A:05855E-01L
TH6THLE~{11
T«33220E-01
7+ 11789E~0OL
6.5T132E-01
S5.92112E=01
5. 17154E-01
$.75231E=01
J.4%844E-01
2.51003E-01
1+32203E-01
3,100328~-02
~5410012E-02
=1+52201E-01
~2:5100E-01
=3 4S843E-01
—4.35230E-M1
=S.17733e-01
=3.92111E-01
—6.STLITE~01
=T+11783E-01
~7+55220E-01
=7 BETALE=Q]

MACH & NOZILE

ZE = 2.05000E-01

JaBAZA5E~-01
2,9%205E-01
2.00234E- 01
1a0L14TE-Q]
Lal240TE- 06
=~ 1e0t145E-01
-2.00232E-01
=-2a952A7E-01
~J. 842436~ 03
-4:55421E-01
=-5«27)256-01
= 5. 9789%E=-0L
-8 45493E- 0L
= 5,81 930E- 01
=TaDIAESE-0QY
~T«10720E-01
-T=DI48GE-OL
— &« N1 U3ZE~01
=G #S4D4E-0O1
-5 9TH908F-01
-3, 3712%E~-01
=4, E5424E=01
=Y. BAPASE-D1
=2+ 9524BE- 91
-2, 00236F=01
=J.01145-01
[ )
1.01803E~01
2.02001E-01
29901 3-01
In91305€-01
B.77AJ4E-DL
5.56033E~D1
& 258578 -1
6. 35813E-01
V. IGUSAE-Q]
T T2509E= 0]
7.9TAT2E~-01
2. 106%7E~-D1
3. lO0G5TE~- D1
7.9TETIE~D1
TaT2505F-01
7. 34955E-01
S.85814E-01
5. 25358E-01
SeS6031E-01
$aTHA3SE-01
J.91310E-4L
299N 14E-01
2.02002E-01

e

4y 65130
4.566130F
266130
A.661208
4. 86130
Se661208
&.566130E
4561308
a,88170E
A+65170E
4.66130F
466130
AnSE1IDE
4.6L130E
4265130
466130
& 561 00
4,661308
4. 66130F
sa68230E
AaBOL30E
4o BE13I0F
4.68130C
4.86130E
2.66]30E
du880l Y0F
% 3J830E
4.33850F
44 37850
&4 JIAS0E
4, J3830F
&, JIBS0E
44 JZASHE
A4 3JASOR
. 338506
4. 33030C
8e 32AS0E
4. 3TRS0E
8a 3JASOR
Ay 37850
4233850
4230850
&= 328%0F
4aINASHE
Ay 33ASDE
4. 33850F
4.378S0E
433850
4« 13850F
4.328S0E

iGml . 24)

o1
31
71
o1
41
N
L1}
-1 |
[ 11
[T}
ol
[} ]
ol
o1
a1
ol
m
o1
ol
o1
51
01
an
ot

-1
-]}
1]
[}

a1
o1
o1
om
o1
o1
ol
o1
o1
[}
ol
o1
™
ol
o1
-1}
m
a1
o
ol

STEP NO»

3.14883E-04
3.14883E-04
3. 14883004
3. 148A3E-04
3:18803E-0a
3aTABBIE-DN
3.14883E-D4
3 14A83E-00
3, 14A83E-04
3.18887E-08
Y. 140A3E-D4
31,138823E-04
3. 14843E-0a
T, 1ABANE-DA
3. 1ABBIE-DA
2.14803F~04
J=14883C-04
3.14893E=-04
3.14583CE-0a
3,148830-04
3a 10882E-D4
3= 14803E-04
J.14883E-D4
3+ 14083E-D4
3+ 14BB3E-04
J. 14BAZE-O
2.9TLTGE-DS
2.9T1 TGE-D4
2,971 TAE-D4
2.97176E-04
2.971 TEE—O8
2+971 ToZ =04
2. 971 TOE=-04%
2.971 TA&E—QN
2.971 TEE-O8
22971 TSE-OA
2971 THE-OS
2.97176E-O8
2971 TEE-O8
2.9T1 T6E-04
2. 9TLTEE-O%
Z2.9T176E-04
2.97178E-03
29TITESE-DA
2.971 THRE-04
2.971 TeE-Q4
2.97176E=0A
2:971 75E=04
2,971 T&E-D4
2,9T178E-D4

4 ,9.3A89E
4.9 3889E
4.9 3499E
4.9%883E
4.9 J489E
4,934B3E
4.9348%E
4.93489E
& +9INBE
8 .938B0E
4.93889E
A9 3489E
$.93089E
S, 934BY9E
S.93889E
[PL =YL ]
84,9 3489E
4.9 3485E
&,934B9E
9 BNE
4 .93489E
& .93489E
4.9 JAB9E
4.93889E
2 .93483E
4. 93AB9E
S.l4a30E
Selda208
S5.13420E
S.14420€
5184208
Sal44B0C
S l3420E
S.laazDE
Sa414420E
S.18420E
Selaa20€
5418420
S.14420E
5184206
S.18820E
S218420E
Ss18420E
Sa18420E
S.14420E
52144208
Sa14420E
Sa14420€
Selaaz2oE
5a14420E

b2
o2
1 }-]
o2

02
2
[+
02
o2
[ F
o2
o2
B2
oz
02
o2
o2
[
oz
o2
o2
oz
o2
0oz
[ -]
a2
02
oz
az
az2
-1
o2
o2
az
a2
-] ]
a2

ar
02
a2z
o2
o2
o2
o2
agz
02
oz
-4

THETA

~& « BA99BE-02
~5 s 24455E-02
=5.53221E-62
—S,70717E-D2
=S, TGE13E-02
~S5.TOTSTE-D2
~5.53232E-02
-S.Z44550-02
~4.04990E-02
-4 35672E~02
=3.TT4B2E-02

=-Fa29420E-02
=1+62360E-02
~B+201T9E-03
=3,84039E-07
fa20130E-03
1.62385E=02
2.39422E~-02
3 11815E-D2
J.TTATHE=02
$.358T0E-D2
Ay BADGAE=02
S.20454E-02
2.5323LE~-02
S.,70737E-02
T=99593E-02
Ta93274E-02
ToTA420E-0D
FodIAIBE-O2
7«00814E-02
6+ 4E645E-D2
5.82587E~-02
B.09I5TE~02
4.28118E-02
T80 134E=-02
2. 46851E-02
L+490T76E=02
SaQ1SASE-Q3
~E4D15E3E-03
=L« 806 TAE-D2
~2+48B849E-02
=3a40152E-02
-4220117E-02
=S .0935%8E-02
=S.82585E-02
=G 4G6AAE-DF
=T.00510E-02
=T+433NE-02
=T+TAA20E-02

L]

3:1L686E~02
2.39754E-02
12628 1 BE=02
8. 21504E~-01
Q.12580E~08
-Ba.21486E~-03
=1.622106E=-02
22 39 TEIE-D2
=3« 11984E-02
=3.TTE3SE-02
—4«ISGB1E-92
=82 B5238E-02
=S.245605E-02
=5.53308E-02
~5.TOTS0E-02
=S5.TeE1IF-02
=5.7Q¥STE-02
=5u3330SE-02
- 3.24806E-D2
~4.85230E=22
e TELL LDt ]
=3 7TBAZE-D2
=3.11988E-32
=2 3975 7E-D2
~15281L9E-02
~8. 218919833
0.0
1:00426E-02
L G92a9E-02
Z294893E~02
3.0%503BE-02
4. TOEAE=-02
S.4TYT9E-02
Ge16631E-02
4.785328-02
T+23T7T2E-02
To 6061 28-07
T 8548002
ToU8022E-Q2
T«98022-02
T+ 85489E-0F
T«60612€-02
7. 237TAE-Q2
B.T8332E-00
B, 16GIIE-D2
S«4TIALIE-D2
S TUGATE-DOR
3.8%840€~02
2:9408EE-02
1.,99231€=02

1+15183E
LelSLB3E
1+lS1LA3E
12151 B3E
1+15183E
1+15t83E
1.15183E
1,15183F
1.13183E
L.15183E
1151838
1413183
1.15183€
La151B3E
LalBLB3E
1151 83E
lalS1B3E
1415183
1+15183F
14 1S103E
1e15183E
1.15183F
L1e15183E
1,15183F
1-15183E
lalS183E
1«20%05€
1+20905¢
1.+ 209096
1220905€
1.20905E
120905
1+ 20905E
1.20905E

-1« 209058

120905
1+ 20905
120905
1a2090%€
120905
120905
1= 20905E
1+ 209088
1 =239035E
1+209%03E
1.20905E
1« 20905E
12209958
1 » 20905E
1« 2090%E

[ ]
L]
[-14]
20
Q
0
0
o9
od
oa
[ L]
-]

na
oo
o0
[-B]
o0
[+ 1]
(L]
0d
o0
an
[-2.]
00
"o
[ &)
aa
an
L1
o0
a0
a0
90
a0
a0
a0
1]

ap
Qo
ag
an
no
o0
L1 ]
ad
od
an
o8

soby

89-8L-HL-DQ3v



6L

201
-1
20>
204
20s
208
zaT
08
209
210
211
212
=13
214
213
21&
217
218
e
220
2121
222
223
224
223
2g8
227
228
239

283
a3z
33
234
238
236
237
239
239
FL 1]
281
242
243
244
243
248
247
248
249

=8,0%885E=-01
-8y 12200E-01
~%s OBBSYE-DY
~T+88TH2E-D1
=T+ 35221E~-0)
=T 11TR0E-01
=62 37133E-01
~5,92113E-01
-9, 7T?SSE-01
=8, 35232E-01
=3, 45845E=D1
=24 31004E~01
~1.S7209E-0}
=S4 lO03IE=02
SL00083E-D2
L« 32198E=01
2. 5099TE-§1
3. 4S04 LE~D1
&4 35228E~01
. 177518~01
1.,921090-01
6 ,5T129E-01
7. X178TE=01
7.35219E-01
T+ 85 TADE-O1
8.058%54E-01
04 A3ITU0E-O01L
9.08244E-0D1
8,916T3E-31
Be842TEE~-D1
By 26393E-D1
727BA74E~01
T+ 21109E~0%
4, S4089E-01
%.80918E-01
8,99 TEE-D1
4.,1240TE=01
. 20410801}
Z,20323E-01
1.25813E=01
2.51T0ME-D2
=7+ S4598E-02
~1.781B3E-0}
-2 .T27TAE=01
=34 6POGAE-OL
-4, SE808E-01
~S.411TEE=01
=B+ 10892E-01
=8« BOOOAE=01
-T2 509V1E-D1

MACH & NOZILE

b 4

1.01884E-01
l:28487F-08
= Lks01802E-01
~2+020002-31
=-2.99012E=-01
=3.9130TE-01
=4 TTASIE-D]
=8.35020E-01
—6+2BBELE-01
=8.85813E~01
=7+« J493AE-01
=T+ TZ5058~P1
=~ T«RTATZE-D1
-8, 10437801
-8.1065TE~21
=7.97073E-0)
-7 T2BDTE~-O1
- TadagsEE~01
-6,8581 3-8
=G 29859E-01
-S+50033E-01
=4 7TANOE=D]
=391 312E-M
- 2.99Q168-01
=-2402005E-01
=1-012088-D1
a0
1.006242-0)
1.99828E-01
2.96707TE-01
3. BU084F =01
S TRS2TE-O1
S.612618=901
S.3T1826-01
Ta25369E-01
TeBAYUME=D)
8. 15332E-01
B 3ETTAE=D1
B.85828E-01
Vo051 29E-01
eI 3443E-01
9. 10669E-01
H.95841E-01
B.T72l282-91
8.35823:-01
T.91358E~01
T«38301C=01
G 72208E=01
8+00134E-01
5, 20685E-01

4. 338808
Aa J3A50E
N 3IANOE
5, 338%06
%o 33450E
S I7AB0E
4233450
4. 338306
[Ye.EI L1 3
4e 33BS0E
4.32850C
42 33850€
4. 33850E
4 37850
4, 32830
A, IZBL0E
b 234508
4233850
433850
4, 33880E
#.33930F
40 JIBSTE
4232850€
LIRELLL S
A.330850E
44 23850E
3aP2AEDE
3, 92450F
3« 924808
3. 92450E
3492450
I 9TATE
3.924350€
Fa92AS0E
B F243%E
A, 24308
3292450
32 P2AB0E
Tu Q24508
3.92450€
3.92480E
1. 92450
3.92a50C
3, 92450E
J.92450€
3492430
I S24T0E
X.92480C
Ja 92450
32924508

1G=] 248}

STEP NO.

2.9T178E-DS
2971 THE-DS
2.971 TEE-O8
24971 TEE~OH
2« P71 TEE-OM
2.9T1 THRE =08
2.9TLTEE-D A
2ITI TEE=0A
2.9TITEE-QN
2.9T1 76E-0%
2+ 9TL TGE-QN
2.971THE-ON
22971 TAE-04
22971 TOE-DG
2+9TLTEE-DA
2,971 ToE-04
2. 971 768-04
2. ITIPEE~ON
2.9T1 THE-O%
2.3T17EE-ON
2. 9TLTRE-O4
2,971 TEE-0M
2. 971 TGE=-D
2.9T71768-04
2.971 TEE-04
2. 971 THE-ON
L TAQOTE=-OM
2. TADETE-OA
2.TADBTE-O8
2. TAOATE=04
2. TAOOTE =04
2.TROATE-D A
2. TAQATE-O4
2. TAGATE-QW
Z2TAOBTE-DS
2:TADBTE-DN
Z+TAQATE-OA
2. TAQBTYE—OM
2.7402T7E-04
2« Ta0BTE-OR
2. TADBTE=QA
2. TAORTE-DA
2. T40BTE-D8
2. THIBTE=DS
2uTARATE-QN
2, 7408TE-ON
Ze 7A0BTE-04
2474087E-0%
2« TADATE=08
2. PADBTE-DA

B.14420E
S.148208
Sl 4820E
Sel&820E
S,13020E
Sl S420E
Sal48208
Sel4820E
Suldn2OE
214420
S.14420E
S.14820F
S.1a820E
S: 18820
S+ 1 H820E
Bl 20E
5.14420E

SeldR20E.

Su.148320E
Se18420E
Saldd2qE
S214220K
S+14A20E
S.14820E
Selas20E
3.18420E
S«h1BTSE
5.8 575E
SaALATSE
54 1BTEE
Sel875E
SealB75E
Su4187SE
S.41878E

‘Se.41078E8

Sa4L87SE
S«218THE
Sea1B75E
Suhlarse
Ba41B7SE
S4a7T3E
S.41875F
SulpTSE
Sebla7THE
SEu4LATSE
SwaLBTSE
Ja4T07SE
Ba41875C
S.4IATIE
S.41ATSE

ue
[-}]
-]
[}
02
-]
(2]
[}
0z
o2
oz
02
o2
oz
o2
oz
ol
o2
o2
o
o2
o2
-] 4
[-}3
o2
o2
L1}
oz
az
-1
o2
02
-]}
o
ar
a2
o2
-1
1]
az
0z
az
42
-}
az

THETA

-Tu32TAE-DE
~Tu99593E-0F
-T.932T4E-02
~TaTAMZ0E-0R
=T«433315E-02
~T.00518E-02
—GadEELEE-DR
-6.92080E-02
-5.09350E-01
-4.28119E-02
=3.401552-02
~2.480810-02
—l.A9677E-02
=5, 015668=03
5.0149TE-03
L.898TOE-0R
Zu4EBAEE-OF
2.401918-02
4.201156-02
S.093%a8-g2
5.82564E-02
64604 2E-02
740051 3E-02
7.43330E-902
TeTANLOE-D2
7.93273E-02
L. 10401E-01
1.09T28E~-01
1.0P718E-01
1404 VTE~01
9.98040E-02
9.400028-02
8.TOSSRE-01
Ta90S52m-02
7.00994E-02
€.02970E- 02
4.975692E-02
3.064 E9E~-02
2.T0S02E-02
L+8133ve =02
3.03595E-03
-9.,008508-03
-2ai1216E-O2
-3428982E-02
—4.42TI0E-02
-B.911638-02
-8.432968E-02
~7.46900E-02
=84 11800E=02
-9,000498-02

1<00028E-02
1.24T34E-0T7
=1 .0042%E-02
=1:99283E-02
=-2.04092E-02
-~ 3.85A1TE~AR
-4 TOGARE~-Q2
~Bes4TATHE~02
-G.18430E-02
~BaTSSI1IE-02
=-7a 23T TRE-02
=T+608 | 2E-02
-7 +05880E=02
=T Q8D21E~D2
~T.98022E+02
=T 8349 ~02
=Ta0GLME-02
= Fa23773E-02
~b.TA0AIE~-Q2
-6.18833E-02
~S.47TH9AE~- 02
=8, TOSADE-02
~3.02841E~-02
2+ SAASLE~-O2
=] 9929 FE=02
=1.00431E-02
[-11-}
1+ 21940032
2.423602-02
JS9TTE-02
4. TRTISE-O2
S« TUESOE-O2
G.THOLSE-Q2
TaTIA3]IE~-O2
S.33803-02
Ve 23NGIE~H2
.83 12E-02
1s034438-01
1+070A9E=Q1
1.00383c-01
Lal1Q¥30E-01
L«i0027E-01
1.08389E-0]
LaaS405E-01
101 160€=-31
9.STOTZE-D2
B2 0084 LE-32
8. 13PC3E-02
T+ R47H0E D2
54 30809E-02
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1 :20905€
1.200038
120905
1., 20905F
1. 209056
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12209055
1.20908E
12209056
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1.248008
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1.28500E
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1-.78600c
1+286008
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1 o Z0800E
1200008
1 »28600E
1280005
12205600
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1.28400C
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1 .28600F
1. 28800E
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252
233
254
255
256
257
258
209
60
asy
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2683

68
245
266
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268
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M
27t
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273
e
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276
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278
2719
280
z81

282
203
284
285
285
an?
298
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00

208

292

294
208
29s
57
203
99
300

=B,03853E-01
=B 4656206~ 01
=8, TRALOE-01
=9.0L32TE-01
~5: 12402E=01
=5, 12A03E-01
-9.0132TE=a1
=-8,T9311E=01
- 0s0218=01
-85036958-01
~T«S0933E=01
=8 .89096E-01
=6, 19894E-01
~85,41180E~-01
=4, SEBFBE~01
=3.47057E-01
-2.727828-01
=1.7T3LH6E-01
=T, SAESEE~Q2
2491 PSSE-02
1.2950TE-01
2.,24319F=01
s 2OAQAE~DL
%2 17604E-01
449979 1LE~0L
Su90916E-01
6450985E-01
T«21107E-21
7 TBATIE=O]
9, 28N91E-D1
8.8427TE=01
Be916T2E-D)
9. 0nz43e-01
1.01332E 00
L:01027F 00
9 ,95189¢-01
S.70212€=01
9, 35893E-01
B.PIETHE-OL
8.38097E~01
T, T7T7EOE-0)
7+0A934E~01L
8,33042E-01
5. 60BSBE=D1
4.03201E~01
3. TOOIDE-O1L
2. TA991E~01
1« T8 310E-01
T.S8TIRE-02
~2eS3107E-02

MACH 4 NOZNLE

ZE€ = 2.0%203E=01

A,34917E=01
Ja.43869E-01
2.8854TE-01
1.50406E-Q1
5.03401F-02
~-%.03372E-02
=1:50403E-01
=218 BEHAE- 01
~3:4308TE-01
-4, 3491 4E-01
-~ %, 20683E=- 01
-&.091326=91
-8 T2296E~01
=T 34290E-01
=T« 91 388E~-01
=-8.30823E~01
-8a72125E-01
= 8. 95840E-01
-9 1 0048E-01
-9l 3442E-01
- g 03130€E-01
-8:85029E-01
- 8. 55778E-01
~8u.15334E=-01
=7.5499TE-D1
-T.05371E-01
-8.371L06E-01
~8.61243E-01
=4, 7TESJ1E-01
=-31.89988E-01
~2«96712E=01
=-1.99231SE-4a1
-1.005292-01
0.0
1.01093E-01
2.01182€-M
2:9927T1E-01
Je943A3E-0L
4o 855008~ 01
S.T1950E~-01
Be 526I3E-01
Te 26033E-01
T.23890E=01
B 5289%E-01
9. 03594E- D2
T 45134E=01
. TIITIE-DO1
2. 90895E~-a1
1.012402 OO
1. 01800 00

]

B2 F2ASDE
3u G2450F
1.924580F
3. 928 50F
I+ 92480E
3.92450E
B FZASOE
e 92430E
Ju92430E
3. 92450
Ja928808
Ja92Z430E
I P2AS0E
JaF2AS0F
3= 924SDE
3.92450F
392450
3.F2450E
1.92450E
J.92430C
NaF2450E
3.92480F
Ja 9245305
3.924508
928508
A2 G24T0E
I 92AS0E
JoF2050F
1. 92A5DE
B.92450E
1. 92450F
. PZAS0E
3. 92850
3.39330E
Ha2 393308
3. 39530
3. 395308
3. 39530€
J.39830F
3:39530E
3, 39830
J.39330E
3. A9530E
Je I9SI0E
3,393 08
3. 39520E
J. 395302
3.795308
3, 39530E
3 39330E

STEF NO.

2+ THOBTE-04
2. TADATE-DA
2. TAOBTE=04
2, T40BTE-D4
2y TAOBTE =08
Z.7408TE-04
2., 70087 E-08
2. 7HOATE=OM
Bs TAOOTE-DS
2.7808TE-04
2. 7A0ATE-08
20 TAOBTE-08
2. TAOBTE-OM
2.74DATE-0A
2. TAOBTE-04
2. 7408TE-04
Z+TAOBTE-04
Z.TAQBTE-DA
2. TAOBTE=DS
2. T4OBTE-D4
2. T4DBTE-O4
2. TADATE-D4
2 T4DOTE-DR
2. 74DB7E-D4
2. TADAGTE-04
e TAOBTE—D4
2. TAOATE-D4
2. TadaTE-04
2.TA0BTE-04
2.TA0BTE-D4
2.TADATE—OH
2, T408TE-O4
2.TADETE-DA
EaAIBTOE=DA
2, 4387DE-D4
2.43870E-04
2.438TOE-04
ZeAIB7OE-ON
2.438TOE-DS
Z.A3870F-08
2. 438TOE-04
2.43070E-04
22 43BTE=DA
2o ASUTAE=DA
2o AIATOE =04
2,43870E-08
BaW38TOE=D4
Z,438T0E-O0
2.AJ8TAE-O4
2438 T0E=04

Sa41B758
S.s18700
SaW1lBTSE
SedlBTSE
Sa¥1 ATEE
SedlG75E
Su.dila7ae
Ga4lATSE
3.41375E
Su4 18758
S.4la73E
Se.4187T3E
Sa41873E
Sa.41879E
S.418T73E
S.41878E
3.4187TSE
S.4187SE
S.4187SE
2.4]18T7T3E
S.418T7TSE
S.418TSE
S.418758
Ba418T78E
S,418T5E
S.4187SE
S.418T3E
S.A1IBTSE
2.,41875E
S+ 4 18T3E
S 1073E
S+ #18TSE
S.M1ATSE
S.70346E
3., TA2ARE
S.7a3a0E
S.7a388€E
S.73388€C
B.TAIABE
S.7aianE
SeTa300E
S TAIBBE
S.7538mF
Se78308E
S.T8388F
S.TAISBE
S.T83BBE
Sa783848E
S.T8388E
S.T8580E

THETA

-9, TO4FBE-02
=1ls022556E~0)
—-1.06219E-01
=1 +008898-01
=~L.102336-01
-1 .102338=-01
-1.00809E 01
=L 08219E-01
=-1.022%08=01
=24 TOS00E—-D2
~F:060528=-02
-B+3181LtE-02
=T 4590302
-Ea329TLIE~-02
-5 a3 165E-02
AZT2IE-D2
-2, A95HE=-02
~2.11240E€-02
=9+ 000 LAE-D)
1,03849€=03
1.51331E~02
2. TOASSE=02
J.88412E=-02
&.9TGBAE-D2
Gs020T0E=D2
T+00991E~02
T« 20 IATE-D2
Be TOS4TE-02
e 399IBE-D2
Q,98047¢-02
1 <08 39568-01
1:07710E8-01
L«08T28E~DI
LeSlaéi2E-0]
130 Ta3E=01
Lad8438E-01
1 +44684E~01
L+3948TE-01
L.329008-01
1:24991E-01
L= 138A2E-01
t.0EB00E-01
D.4FLITE=-Q2
S« 19930E-02
6,88892E~02
S.31920€-02
4,087 TOE~ D2
2.620388-02
1.12739E-02
=3+ 761 30E-03

B.27109E-Q2
a1 59DEE-02
3.01542€-02
LsB24XBE-02
a,1088TE~Q3
-8210€32€-01
- Ly BRAJME~O2
~3.05B38E~02
=4 18902E~02
=3, 3T 0=E=02
~8,30802€-02
~7.26TITE-D2
-8, 13P502-02
=85.90839E-02
=0, 3TATOE~- 02
=-1«001682-01
=1.0B403E~-D1
=1e0B8350E-R]
=1+ 10027E=01
~1410369E-01
=1.09363E-21
=1+0TU49E~0L
=1 .0348aE-01
=9,832TAE-D2
~9.28)00E-02
=8, 53805E- 02
=T T143BE~-02
=6+ TOB] BE-DO2
=B5sTFEBBE~O2
—&e TZTI9E-02
=365 TABE- Q2
-2282372E-02
=1:21946E-D2
G0
1:51999E=-02
J02IME-Y2
o4 9BEAE~D2
5,921 7AE-02
TeRAGTOE-0Q2
A«37891E-02
T« TT02E-02
1«08032E-D1
LelATTOE—-01
127518601
1« IDS6E-01
Ledll3SE-01
LahBOA2E-01
1.49162%~-01
LeS1048E-01
1251410 =0]1

1,28800E
1288008
122860DE
1 »288008
1:288500E
12285008
1, 28800
1.2085006
1« 288008
1.28600E
1.28L00E
1.286008
1.28600E
1 .288008
1.28400E
1.28800€
1.28800€
1285008
laR2BEO0OE
1286008
1+28800E
1.25500E
1286088
1« Z28800E
1 .20600E
1.28800E
1.28600E
1.2860DE
1.28600E
1. 20600E
1+280008
1.28600€
1-280008
1239203E
1+392038
1«39203E

‘32392038

1+39203E
1392038
1.39203¢
1+39203E
1.39203E
1+39203E
1+39203E
1« 39T03E
1+39203E
12392008
1352038
1+ 39203E
1ad9203E
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a0
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L1
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384
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=le28287E-0D1
—2.25920E~01
=3.23364E~-01
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=5, 920688E-01
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Y. 395308
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3. 395305
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3. 399306
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3,.39530E

. 3, 39830F
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3, 395306
3 303208
34 395I0F
3439530
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339530
3395308
3. 39530
3.395308
3. IYSI0E
3. 39530
3. 39530
339330
339530
3.39830E
3.39530E
3u3IPTI0E
3.39530E
1. 39520F
3. 39530E
3.39530E
J3.39%30F
3.3953 08
3. 39830E
3. 39530
3.I39530E
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RPELEA T
3.39530F
3+ 39930€
J.39S30E
3. 39530
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STEP NO.

/HO

Z+A438T0E-DA
2.43870E=04
Z+A3BTOE-ON
2.438TOE=-08
24438 TOE-D4
2.43070E~-04
2+438T0E~DA
2.438TOE-DS
. 43070E-04
2.438TQE-D4
2.438TOE-04
Zea3BTOE-DA
2.438TQE=D4¢
2.43870€-04
2,438TOE-OA
2.432T70E-04
2. 433TOE—O4
2,438TOE=-D4
2.43870E-04
2+833T0E-24
2.43870E-04
2,43870E-04
Z.AIATOE-O4
2« 43ATOE-QA
Z:4J8TOE—-DA
2.818TOE-A8
2. 4IBTOE=0%
2.4JATOE-D4
2.438T0E-04
2.43B70E-D4
2,4J8TOE-D4
2+ 438TGE-N4
2,83870E-04
2.438TDE~-0A
Z+%18T7TO0E-0%
2.438T0E-08
2.43870E=0e
Z:838T0E-D&
Zy438TOE-DN
2. 838TO0E=O%
2,438T0E-04
2. 438TOE-O&
2.438TO0E-Q4
2.,438T0E-0%
2.43070E-04
2.434T0E-08

T B.7HIBBE

S5.T3330E
S« TA38BE
5 .783488
S.74368E
S«TA3AAE
s.7a33aE
S.TA3SBE
S5« TO3IBBE
58.Ta348E
5+T4348E
S.T8338E
S5.74308E
S.TANARE
SeTA3EBE
B.T53BRE
S.781B8E
B.TEIGBE
5.TA3EBE
23.TH3I88E
4.T2398E
5. TAIABE
5.T5 388K
S+TBIBBE
5,78388F
5.TBIBBE
S.THI4BE
5 +78388E
5.7 388E
94 7HIBJE
5 .781BOE
5.703IBNE
T3+7BIBQE
% . 7BIBAE
%278 384E
$.78T88E
S.TBIBBE
5.78388E
$.7B3BBE
5.78388E
3.768388E
5«782ABE
S.TBIEGE
3.78188E
5.7A30PE
S 78388E
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o2
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1]
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az
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az
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THETA

=1 BT6231E-02
~3,3%30058-0%
—h.B80TISE-D2
=he20981E-02
=Ta55]132E=-02
=8.019L4E~02
=1.00008E8~-01
=la1083ZE-01
=1.20566E-01
=1.291096E~-01
= 1+3623638-01
—1a82263E=01
=1 uhETAKE-01
—1adQTHTE-G]
=1e51272€-01
~LaSIZTR2E-D
“=Lad3TITE=D1
~led6TRAE-O]
~1ad2264E=-01
=1a306388E-D1
-l.20106E~-01
=12 20580E-01
=14 10832E6-01
—LeONO0SE-D)
=S.81%1 TE-0D2
= 7.851 JaE-02
=Eaq 2096 TE-02
- BO?IZE=-D2
=3.35820E-02
=l.,8T6338-02
=2.7E229E=DI
1412753E-02
Ze&2020E-02
&, DBTBIE- G2
5.515138-02
6, B888LE-02
Bal9522E-D2
Q0213 1E-D2
1.05542£-01
1+15342E=01
1.24090F-01
1.3290Q0E=-01
1:39A87E-01L
1.84E84E=01
1 e 48435E-01
1,50703E-01L

3= 503042-01
147TZO0E~D1
La#3085E-01
LeIB23TE=01
L+31420E-01
le23390E~-01
Le L39S4E-Q)
Le O344SE-01
e 1 B990E-D2
Ta93199E-02
S.81277E-D2
B.2159PE~02
3aTEMAIE=D2
LedTAREE-D2
7.80813E-03
-T.00750E-03
~242TRAIE~D2
= 3. 7EAMTE=D2
-4,21851E-02
~0.412T2€-02
=T.941L5AE-02
-9,1 8993E-02
~LedJAS2E-0OL
= LaLICA4E =1L
=1.23298F-01
=1.31420E=01
w14 3823EE~01
-t +83688E~-01
=1-4T720E-01
~1- 3034 E-01
~1.,51418E-01
=1.51045E~01
=1.49155E-0L
~1.A5EB3E-01
=141 138E-01
=1 349%8E-01
=1 .2T7TS19E=01
=1,187FNE-D]
=1.08832E-01
-9.TTPFOE=0OR
—A.5TO9RE-D2
-Te28670E~-22
-5, 921808E~02
=4 49593E-02
=3.D23ATE-02
=1.BL945E-02

1« 39203E
1+ I9Z03E
1.39203E
1392538
1239203E
1. 392032
1392038
1.2920)E
1+39203E
1.39203E
1239203
1.39203E
1+39203E
1+3%203E
1a2239203E
1.29203E
139203
1= 392036
1239203E
1.30203K
1+39203E
1.39203E
139203
1. 39203
1 .39203E
1:39203€
1.39203E
' 29203E
1.39203E
1.39203E
1.39203E
1.39293E
1+39203E
1.3920%
1+392063E
139203
1+39203E
1.39203€
1. 39203E
1.Z9203E
1.39203E
1+39203€
1.39293E
139203
1.392038
1392038

L1 -

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
res
vES
YES
YES
YES
YES
YES
YES
YES
vEs
YES
YES
YES
YES
YES
YEY
YES
YES
YES
rEs
YES
TES
YES
YES
YES
ves
YE3
YES
YES

YES
YES
YES
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295
296
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n3
304
309
s
0T
308
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2
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3a
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Iz
32
Iza
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3as
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Jza
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a3z
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MACH & NOIILE

800Y POINTS AT ZE = 2.0%000E-01

1.01532E a0
1=D1027E 00
e I51B9E-01
. 70RLIE-O1
P MOS9IE-O1
B8491675E-01
8.33897E=01
?«77780E-01
T.Q8934E=01
£ o370 A2E-DY
S.50858E-91
4.63201E~01
S.TO9INE-01
ZaTAYNIE-D1
1.THALOE-01
T.SATS9E-02
=-2.53109E~-92
~1a2628TE=01
=2+ 25929E-01
=-J.23ZGaE-01
=41 7586E=01
-5 2 BT&SOE-0)
-3 92083E=-01
=6+ F182LE=D)
=7+44281E-01
=8.093448-01
=B 86362F~01
~3 . 147 T1E~01
-9, 54088E-01
=9.83923E-01
-1.00398E 0Q
=1.01408E 0%
~l.01406E 0O
-1400198E 00
-9« BIVZAE-D1
=9, 54 0BRE-0)
=2+ 14PTIE=D1
=8,66385E-028
=B,09386E-01
=T 442BAE=0]
=& TLBEAE-D1
=-S5, 925688E8-01
5. 8THE2E-D)
=41 TIS0E~01
=3e23388E-01
=2« 25936E-01
=1+ 20254E-01
~2.931 70E-02
T« SBTITE=-D2
1. 7T6J02E=-01
2« TA98RE~D]
3. 7934801
4.63193E~012
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Z2.95128€ o0
2.83020F Q0
2EJ923E 00
2« 30800 00
2:01923E OB

MACH & MOZILE

(Gl 28]

2+83528E~01
- 2.842252E-01
=T+ 02293E-01
~1+IDASBE Q0
~1.47235E oD
=T+ TI403E 00
- 1.BB891E QQ
=1.85337E o0
—1.B1334E 00
=1:50792F 0@
~1.30045E 040
-¥s11297E-01
=8y SAABTE= Q1
~8.43277E~ 05
4494043E-01
Fe63433E-01
1.39297E 00
1. TATRHE Q0
2,0735TE 00
2«28915E 00
241TSTE Q0
245049 00
2.37259FE 40
2. 20393E 00
1.9318%€ 00
1.58202E 00
let9B80E OO
TeATS16E=0L
2.387ATE-OL
- 2.69215E=01
=T« 30 T66E=-01
-1+20327F QO
=1l.SE%81E B
=1+93492E 00
=2=20772E 00
~2«ITIOTE OO
—2«4511%E 00
~2e42311E ©O
=2.28815E 09
~2,0T310€ 00
-1.7T6020€ OO
-1,39315E 09
=R, 834 T2E-01
=% FAACLE=O]
=1:021 TLE-Da
R 9A6IBE-01
T T92H9E-01
1+41858F 0Q
1.83188E 00
2. 19701E 00

2.68 7H0E-01
R2.55205E~01
2. 66345E-01
2.6L892E~0]
2.650T98-01
2.856158-01
2.68297E-01
2.680426-01
2.457TBE-01
2.55802¢-01
2, 652308 -01
2.48416E-01
2o GABTEE=01
2.55933E-01
2,36087E-01
2.5508 8 ~01
2,5524TE-0OL,
2.5678TE~01
22 S8695SE-0]
2.5T3IBSE-QL
2.571 T9E-01
2.27207TE-O1
2.371126~01
2:56902E-01
2. 570492 =08)
2.57003£-01
2,57228E-01
2. S6EGAE=0]
2, 56360601
Z.565220-01
2+ 57001E-01
2.578 0E-0
2+57TS6TE-DL
2.5T99TE-OL
2+5TOTOE~-OL
2.,57034E-01
2.57948E-0]
2.5TE0EE=01
ZeSTESE=01
3.569T0E-01
2.58529E-01
2.5860925-01
2,5691 1E«D1
2 58033E-0)
2+58047E-01
2.5a8323¢-91
2.53B8358E-01
2+ 58ATIE=-D1)
2.88084F~01
2.387T3E-D1

STEP NOD.

4.86591 E-08
A AT220E~-00
4.88009E6-06
4.89120E-08
4.8836TE-006
44 87820E-06
4,88838E-08
4,88312E-06
4.88089E—05
8,881 07TE-08

A BT271E-O6 |

4 BG032E-D8
. BAATTE-QH
42 TI4JLE-DE
4 TIGGLE-00
s TISO9E-05
8. TIVGLE-06
#u TATIOE-OS
4+ TA9GDE-DS
&, TSLO03IE=~06
&y THZIME=DS
&y 73490E-08
4. TE19SE-D&
4. T4BBIE-D6
4o THIO0E=D8
% T3032E-D06
A 7SISLE-DS
Lo TASZEE—DE
4. 740 TIE-DO
4 THI1RE-D&
4. 73029 E-06
42 THEIRE-D6
4. T58TIE-06
4, 75651 3E=06
4. 7EO3SE-QB
By TE2TQE=TDE
A4a TOAIBE-DG
Be TS9N E~OQ6
4. TSAGLE~DG
+s TASSIE-OR
4o TALTAE-DE
$. TISTAE-DS
$a TIRQAE-O5
AL TISBOE-06
4y TESBTE-I5
A, TE99RE=DE
22 T70S8 1 E—-O8
42 TTZ19E=0B
4« TOO1IE-AE
A 77OLAE-0E

ra

1+10001F
1.130338
1.10012€
1. 1000%E
1.17101%E
1.10028E
lelOD1E
1100206
l.t0023E

117033
1.10048E
1 100443E
110209
La10208E
1e10208E
1.10203E
1+10192E
1:10189E
1.10181E
1=10185E
110183
1.10168&6E
1:10190E
1+101B7E
1.10183E
T+10104E
110198
L.10201E
1.10197E
1.10188E
1:101 73
1-10L7TE
1.10169E
1.10175E
1131726
1«10L7GE
1.18177€
1.10178E
t.101898
1a1019SE
1«10208E
1+10200F
l«10207E
1101888
t.10163E
LelQls22
1191596
1.10188E
1alQISAE

a3
03
a3
03
o3
o3
o3
o3
o3
o3
oa
a3

03

o3
o3
3
o3

o3
o3
o3
o3
oz
o3
23
L =)
93
o3
03
o3
03
03
o3
o3
83
03
L x|
03
o3
o3
ay
93
oa
al
03
o3
03
a3

THETA

4.T2112¢-p2
4, 73993E=02
434187E-02
3. 95038E-02
305011E-D2
2207TS5SE~02
e IT109E~-03
=3 ITES5E=-03
~1la49617E-D2
=-2+.58T75E-D2
=3e54348E-02
~&a81650E-02
=4,83951E~02
=2.193728~g 2
—=S8.088108~02
=& o TOADTE-QZ
=& DAS14E=-02
—3ad2293E-02
~2eHAAAAE-O2
- 1.89007E-02
=TaSATE9E-Q]
A.066TSE=-DD
1.38197E-02
2435997E-02
3.28065E-02
4,003208-02
4:45080E-02
44738002
S.1377TBE=02
S:19135E-D2
4¢089337E=D2
4.41105E-02
I.94073E-02
322333TE-02
2.356212€-02
1a41813E-02
4. 39947TE-03
=BalBBANE-0]
=1.80503%E-02
=2..03943E-02
= AZADRE-D2
=809 82E-02
—& o BROIGE =02
=5.07T000E-D2
~heHISETE-D2
—4232393E-02
-4, 28231€-02
=3.9098E-02
=Ja81438E-92
=~ 3. 15S045E-02

=S 091 49E-0Y
&.STZ2SE~03
1.8857E-02
BeDTATAE-D2
A TQITE-NQ
42 33870E-02
4, 74503E-02
4.9823SE-02
A 7T0STIE~D2
5.1 7R00E-DF
J+I4ILIE-O2
2a41378E=-D2
La24RYEE-QR
=137360E=0%
=1alAESIE-Q2
=Z-18419E-02
=3«D81TAE~-D2
~3: 79159E-02
=& S00T7TE- 02
~4.93ATITE-D2
~3:2174 TE-02
=5.04200E-02
=4.93010E~-02
~&,80E6J32E-02
=8.103a2E-02
=3y D 2E=02
—2.33259E-02
=1a3904 1E-02
—haJ9443E~03
L THTABE-DD
1a0TALTE~D2
2.,40003E-02
33731 RE-02
S, 1082002
4.58282E=-02
4.7i118E-02
S« 033GIE-02
Sel2B18E-D2
4.92900E-02
AdI1RE~-02
Ja TESGTE-02
J.023MTE-DE
24 15TOAE~ 02
1.11613€-02
=1.04105E-0a
-8,20931E-03
=1 +SS484E-D2
=22 ISE12E~02
2920 59E-02
=34 408508E=02

S 235208
4.2353IE

" 4s232T7AE

AaZI241E
A+ 23356E
A4 234395
4, 232036
4. 2330BE
4. 234028
4s2339BE
A 23524E
&a23710E
4136618
& 25670
4223038
A9 23643E
&4 29396E
4. 23409E
S 254308
4.23329€
4.253T88
S ZFIRE
N, 23393E
R 244 3E
4+ 2340BE
4258 19
4. 25367E
4.253098E
4.208T0E
4295328
A,25420E
4.25231E
S+23287E
4.25187E
A EBZE2E
4o 28208€
42251988
4.2827T8E
&+ 25209
4, 25A3 TE
4225500
4425832
Ao 2BETIE
#.25638E
$25173E
A 2B111E
&.25103E
&3 250 FOE
AvkiiNE
b a 2S006E

oDy

89-84-4 1-2d3V



98

101
102
103
104
109
108
107
108
189
110
111
112
113
114
118
11¢
117
118
119
120
L 1)
122
123
124
125
138
127
128
129
13
121
132

-133

L34
138
136
137
138
139
140
te1
142
143
1Y
148
t4s
18T
148
149
150

163142 N0
1419560€ Q0
7= 24582E~-01
2,80354E-0)
=2+30528E~-01
=7+ 30908E~-0)
~1 20567 00
=1.684108E 00
-2.00T7*2E 00O
=2, 15069 0O
=2.6T492E 00
=-2.B83581E OO
—P2.95727E DO
=-2.991T8E 00
=-2.98069E 00
—2.83334E 00
=2.63271E 0O
~2:350398 00
-2.00835E 00
=1+B42T7E 00
=1.20958E OO
=7+ 3B8013E-0]
=-2.52323E=01
2,562265E~01
T229227E=D1
14191 75E. DO
1. 82000 00
2.01839€ 00
234800 00
2463933E 00
2,8T452E. Q0
2+9511%9E 00
3.51783E o0
3. 48026 00
3.3TS00F 09
J.J097TE OO
2.984%8E Q0
2.AHST6SE DO

2.30728€ 00

1.90269E 00O
1 +#50THE 00
86 THTE-0O1L
4.98512E-01
~&a 43ZBBE-D4
—4s97104E-01
-Q.84231E~-01
-1 4564058 00
=1.90404E 00
=2.30809E 00
-2.05610%E 00

MACH & NOZIILE

1Ga]+24)

ZE = Z.40000E D1

2, 50208 0N
2. 73810k OO0
2.89041E a8
2.99580E 09
ZoITSAAE DO
2,89222F 00
2.TISSLE 99
2.50400€ 00
219708 00
1.84217C 00
141409 0O
9eb1306E-01
2 R1UDEE-DY
=7.90B06E- 0%
-3 +86750€-01
~ 9651 BAE=01
—1.41843E DO
~1+846158 00
~2.19900€ DO
-2, 505245 00
~2.7TAOLIE 0O
-2.89483 00
=2:97180E 0O
-2,99339%= 00
=2.89453E DO
—-2.7358AE QO
~2.50339€ 00
=3419940E 00
-1.B3327E O
=1.41959F Do
-9 TITAZE- b1
-8,96853E-01
2,651 23E-05
5.03517E-01
9.aRe2NE-01
1, 4TOSAE 0O
1.909047 0Q
2.3037T%E OD
Z.A5434F OO
2.9%388E OO
1. 194T73E 0O
TJ.3TAXIE Q0
3.49858F OO
3514408 B0
J.a7086E8 00
TJITIIIE 4D
1.201882 00
2.96315E 0D
‘2.85003E 00
2,299258 04

2+53919Te-01
2. 59839E-01
2.5981 1E-01
2.59T12E-01
2.59232E-01)
2.5927T9E-01
2+.89686%-0}
2.5991 BE=-01
2.59492E-01
2.58908E-n1
2.58829E-D1
T+ 5008565E -01
2.59253E~-01
2+59852E=01
2.39839-01
25056 TE~0]
2,99984E£-01
2.59599€-01
2+ E0449E-01
2+500696E-01
2.60344E-01
2.89922E-01
2+ 39633E-011
2,59920E-01
2+6000AE =03
2.39731E-D1
2.59101£-0}
2,385A5E=01 °
2.357881E-0}
2e38312C=01
2.5A244E-01
2.482?7E-01
2.66439%E-01
2. 85383E-01
2. 5E6545E-0)
2,873655-01
2. 66A75E =01
2, 673490 -01
2. 87770E=01
2.&478TIE-01
2+ 681 T9E-01
2.68142E=01
2.48771E-a1
2+B8NBUE-0]
2, 68101E-03,
2.68014E~-01
2. 08071E-01
2.58072E-01
2. 87992E-01
2.67821E-01

STEP ND.

RHD

4. TGO E-0G
4. T9254E-06
4.T921ZE-06
4. TORESE-DS
4. T8IS2E~06
4. THAZIE~DO
4.TI0ZBE-DE
8. T9I?XE—OB
4.T9038¢ -08
A.TTBSEE-DE
A TTTIZE-08
4 TTBOSE-06
4. 7BAABE-OB
44 7BUTHE~O6
As TI2ELE~-OD
S TETOZE-OS
8. TEBABE-DS
4, TRO98E-06
4. B80162E-00
#.80529E-06
4, B00DBE-D6
a4 T9YI7EE-O8
4, TBOS 1 E-06
a, 79I THE-OB
45 7THAQDE-O6
& TOOXE-DE
4. 78156E-D8
4. 7TTIBBE-DE
44 TE340E-DG
4, T0982E~08
4. 76881 E~08
B TER29E-D0
4,89088E-06
4. 892082 E-08
V= B9236E-06
4,7041BE-08
4, 89693E-086
A U0IVAE-QE
4.9101 7E-D6
N.91169E-08
4,91823-06
4,31560E-08
4. 0ZARTE-DE
4. 91489800
4,91505E-00
4.993TAE-O8
4.,91463E-008
44 IAGAE-D6
S.P1I4GE-08
4.91093F-06

4]

1:10108F
1al0134E
1.10133E
1.13137¢
f.101a0E
1.10145E
1.10137€
1.10133E
1,10137E
1.17152€E
1.10193E
1.10153€
1o1N 1ABE
1+101366
1101 3%E
1e17141E
1.10139E
1.10139€
1+13123€
l.18011BE
14101256
$=10133E
1«10138E
1e10133E
1.101312
14101 38E
1+ 101A8E
1.101S8E
1:10171E
LelO163E
1101658
lal0108E
12100108
1.100088
1.10008E
1.09993E
t=10002¢
1 :09994E
1.00986E
1.099a84E
1:09970E
109979
1,00067E
1:09980E
1.09950¢
1.000a1E
1.05980E
1.09980F
1.09982E
1.99985E

aly
03
o3
03

THETA

-2+563526-02
=12 82TSTE-D2
~1a.11801£-02
-2«TSTDOE-D3
2.62993E-03
1.08t17E-08
1. THAFEE-02
24930828202
3.212496-02
J.TISIVE-Q2
*.01B84E~D2
4+ 32083E-02
4451838E-02
AL 647IVE-02
4.48320E~-02
4. 32198E-02
4.08302E-02
3.70132E-02
3,18221E-02
24886 E-D2
1.78203E-02
1.09208202
4. 10T25E=0)
—2,44007E-03
=1.07221E-02
—1.824176-82
—2+S63L0E-02
~3.15871E-02
-3.61841E-02
=3.91407E-02
-4 . 3030SE-0F
~4.820870-02
~3.70423E-02
-3.83558E-02
—3.45446E=02
=3, 17TEIJE-QE
-3.15948E-02
—Z2«B83150E-02
-2,430632-02
-1.96343E-02
~1.44980E-02
=9.8STOAE-03
=&, 4A333E-03
9.431B08-04
B.33749F-03
1-.04LTRE-D2
1.81779E-02
1.943386-00
2.385221E-02
2.76T058-92

PSI

=20GEATE-02
-4 +23128E-02
4932 FE-02
-4+37713E-02
-4253302E~02
=& o5l IG0E-02
-&a236SSE-02
=3 8435TE=02
=Ja3BENSE~D2
=2+TTES2E-Q2
=-222011%€=-02
=1 =5044E-02
~“B.678MBE=23
—-B=24%18E-04
T-34553E~03
1-5387TE-02
2.15070-02
2eTEATHE-02
I+ I3BIDE-02
3a 7RAT2E-D2
4« 19TC1E-O2
4432100€-02
42 5OPCSE-D2
SSD2E-02
ASIE-D2
4.24229€-02
J.88428E-02
3+3917TSE-D2
2.91012E-02
2433701E-02
1.57355E-02
B8.07331E-03
=-9.573S1E-05
=S.87225E-03
=1+ 05000F=03
=-1aS2266€E-02
= 209058202
—Puk TSAGE-DZ
=2.80923E=02
-3a1548DE-02
~3,39117E-02
=3+32€10E-02
=3.504P1E-D2
~3a.T72548E-02
=-3.87581E-02
-3.30923E-02
-3+ 30405E-02
=-3:04093E-02
-2 THTEE-D2
=22A5TOSE=D2

4o 24908
R FATAQE
4o 24 TB4E
a.2atBOl
& JZABODE
4 ,2A889E
4424 TOSE
S 2ATALE
Y TATIIE
84.24975E
&y Z499IE
4 .24 UASE

Su24800€

4. 24802E
4,24 T5AE
. 24845
A4 24B23E
b+ 24815E
Ao 2801BE
A.24%81E
S 424 042F
24 T40E
4. 24 B)BE
S 24 TADE
4,28 721E
&3 24 TBAE
4 24930E
4 2SOS0E
4 23210€
223113
s.251208
4.25122¢
&+ 23233E
8,27220F
& 2ATRAE
24230458
ha 231535
$423D4HE

© Be229BAE

H.22931E
4.22802E
4.228Y0C
N.22TI0E
S 22802E
4. 2208DE
4.22899E
A2220B8BE
4.228A6F
4229048
& P29N2E

800y

89-8L-H1-003Y



L8

ia2
182
134
185
L1
187
188
1a%
190
191
i92
193
198
198
198
197
198
199
200

~2.98085E 00
=3, 2023%9€ oD
~3.37892E QO
=3.4BA82€ OO
~B« 31996 0O

=~3+49313F 00 .

~3,37626E 00
=2.19982€ 40
~2.95QE6E DO
~2.66214E A0
~2,30723¢ QQ
-1.90508E 00
~1.45887E 00
-9.83408€-01
-4.982536-01
-1.78585E-02
%,98384E-01
q.8at2sE-01
L.43885E a0
L.89973= 00
2.705342¢€ a0
2.6S646E OB
24904308 00
J.2009TE 0D
3.37931F 00
3.4B030E 00
4.02a885E 00
3.995378 06
3.89889E OO0
B, TAITSE o0
3.52134E a0
3.26940E 0D
Z.948Q2E a0
2.57020E aO
2.180882E 00
1aTIGESHE 0D
1424233 00
T-43082E-01
2.35TS6E-H1
-2.50399E-01
=Ta 26426801
-1+22376E Q0
~1.TO208E Qb
=2.14644E OO
-2.563578 OO
~2.0ATEIE 0O
-3.269599€ Q0
-Z.53523E 90
-3.7e880C QB
~3.90128E ap

WACH &4 MOZILE

(=1.24)

ZE = 2,47000FE 41

L89456E 00
L8025 OO
1.00084E 00
Se081908-01
1+84340£-03
=5+ 09308E-R1
=1.004T77 00
=1:AT115E 04
~1.39791F 00
-2.3J028T 04

=-2,94385E 00
~3, 20242E 00
=X 3T482E 00
-3.40633E 00
=31,515402 00
~3.4918% 0D
=3,37029€ 0O
-2.19%09E DA
~2.YSBILE 00
-2.65¢19E 00
- 2.35489E 04
=1.909T4E DA
~L.47T975E DO
-0.98357-01
-5, 0341 85-01
=74557ME-DS
5. 064 24E-01
1.002692 DO
1,487T4E DO
1.98348€ 00
2. 379372 00
2.75919€ @0
3.09900E 80
3,393T0E 0O
3.643338 00
3.81231E 03
2.061 7% 00
£.0375AE 00
4. 0m190 00
3.98091E 0O
3,831588 00
JeB4652E D
1,396T8E DO
3.08720E 00
2, T4BS7E 0Q
2. I6A84E 04O
1.98TAAE 0O
1.501 91 DO
1.017756 00

2.67632E-0L
2.567T301E-0L
2. 67660F-01
2.6T543E -0
2567622501
24 67T522E-01
20 6TIASE=OL
2. 68392E-01
2.88231E-0L
2+ GBA TIE—OL
2.6ATHSE=01

.2+ 5831 3E-01

2.6a733E-01
2. 58TTRAE={]
2.6893ZE-9]
2.68591 0201
2.6B435E-0L
2.6T9ME-O1
2.6TU19E-D1
2.67633C -0
2.6TASZE-DL
2-4TOARE-O1L
2.686326 =01
Zu6TIBTE-OL
2.656882-01
2 S6BASE~D)
2. 7B2BAE-OL
2,78341E-01
2478283E-01
2y TELSUE-D]
2. 750 91E~01
2 TRGLEE-DL
2, 79695E =01
24 7T96A0E-01
2. 796 7EE=01
24 TOTATE~O1
2. 79459601
2.8027SE-1
248058001
2.8958TF~1})
2.80377TE-01
2,80034E-01
2.T9931E-01
24 7THSIBC-01
2. 7es3SE-0L
2. 19 790E-01
2.80044E=01
2.80123E-01
2.79787E-01
2.T9372E~01

STEP NO.

4, 90842E-DE

S HI2I1E~DG-

S, 90A5IE-006
4.90829€-06
&+ FO798E-DB
9L 243E-05
4. D1 2TSE-06
4:91937E-D8
4+ 91899E-06
4.920657—00
4. 9239%9E-08
4 9Z5I9E-D5
4.92441-08
492501 E-04
4,92 TIEE-OS
4021 2€-000
4, 22001 E-008
4,91 33008
.91 238E-06
4.,905813E-08
. ROSAEE-08
&3 GPIATE-DS
AuB9334E-08
2.901LGAE-D6
&, BIO9LE-0G
& A9Z205E-D5
5. 0651 8208
B DASOOE =06
S.06455E—08
8. 0TOSHE~08
5.0T801E-DG
S, 08464806
%, JHESTHE -08
5, 08497E-Q8
5, DBSSOE-Q6
5.08712E-06
5.0823LE—08
2.09827E-DS
5.00845E g0
5.09385E D&
S5«09STTE-DB
. 091 03E=06
S5+08924E-26
5,084948-048
S:08345E=-DS
S 08716808
5, 00089E-06
. 09204E-06
5.087128-06
5, 08103€-08

Ta

1.09988E
1.09983E
1.09988€
1+099808E
1.,09988E
1.09983E
10998 2E
1.090 7AE
1.39977E
1099 73E
1.09968E
1.09%8E€E
1.09968E
1+0998TE
1.09964E
1099728
1.,099T3E
1.099m2¢
1.09943F
1+09988E
10999 2E
109999
1.10007E
1:09997E
1100108
1+1000BE
3 <09792E
1.09T93E
1.09798E
109787
140977598
1097 70E
1.09T69E
1+09TTOE
14D9769E
1.097&7E
109773
1:09TSEE
1.09753
1:.79753E
1+09T7305E
1.09762€
1.09788E
1+DOT7TOR
1.00771E
122976TE
1+D976IE
1+09761E
1.09T4TE
1.097T4E

o3
03
o3
a3y
o3
o3
o3
03
03
o3
a3
L]
ox
03
-k ]
o3
[ x]
03
o3
oy
[ 3]
o3
o3
o3
03
03
o3
o3
Lk
03
03
[ k]
a3
o3
o3
o3
03
a3
o3
[ k]
o3
03
o3
a3
o3
03
o3
o3
[
a3

THETA

3u 10006E-02
.13 T2E-D2
3. 5033 2E-02
3.58540E-02
3.04005€E-02
Ze49128E-02
e AS4STE-DR
330402 -02
3: 15049E-02
T TIA TAE-0O2
Z2.3220TE~02
12919TDE-D2
150131 E-02
1:019460FE-02
4 45608TE-03
—2.563055E=-08
=3.02267E-D3
-9.883T8E-03
~1+462TIE~02
—1.98023E~-02
=244 39TE-02
— 28437 R-02
=3.14847E-02
=3 18296E-02
=345 089E-02
=3.63881E-02
=2 56841E-02
~254001E-02
~ZedT3262-02
~2+4IITIIE-O2
~2+.29264E-02
-2:06093E~-02
~1.845T2E-02
=1.60880E-02
=1e316B8E~0R
=1 010 73E-02
=T+£3105E-03
=4 PEZBIE-D)
=P 0ZS18E-03
1.94884E-03
Sel3GIAE-02
8.59006£~03
1s1T779E-02
1.4551 3E-02
1.04105E-02
1.759T7T4E-02
1.999938-02
a2, z00u9E-01
2+3I288E-02
2. TIZAE~D2

-- e8I

=E+09T7SOE-02
=1+5TTODE-02
=1.054 JaE-02
=S 08493E=03
=21+27033E-0%
4.837123E-0Y
1.02625E-02
1,.E6731E~-02
2.08TARE-0D2
24405602
2.TTBEOE~02
3.01220E-02
3. 27905E-02
3. 5a0TeE—Q2

B985 T7E-02

3, T2735E-02
J.51r1x~-02
3.51939E-02
3.39810E~02
3,13929¢-02
2. T9240E=-02
Zv4AIBARE-02
2+07A8TE-02
1.38192E-02
1.08857E~02
S.67CBEE-03
=7.30153E-03
-3+B8CATE-O3
=T+ 09233E-03
=% 35000E~-03
«~1s11S83E~02
—L.45282E-02
=14 78223E=-02
—1«99323¢~-02
~2a22T7THE-0O2
=24 300EE-02
=2« 502 TIE~02
— 24842 TRE-02
~2.41407E-02
=520 7TBE-Q2
-2-480889E-02
—2.8]1B58E-02
=2.30128E-02
=22 24007E-02
~2:11722E-0R
= =H1990cE=-02
= 1=32443E-02
=1:19928E-02
=8.332106=03
~B8+14711E~03

4. 22900
4222 924E
. 2297TE
8, Z22982E
4.2298TE
220208
e 22915E
A 2281486
4:22851E
ke 22 TO3E
a2 TASE
ag22721E
A 22TITE
422 F2GE
4. 22894E
A+ 22T8BE
4.22B8035E
8 22906E
4. 22920E
4+ 2298AE
4. 23025E
e 23118E
#a23209E
45 230835E
AuB2IZAOE
Sa2I229E
b, 20844E
Ao 20833E
4.206528
8. 20545E
S 204T2E
4203398
»a 20A43E
Ao POIBME
As2DIATE
e203238
da 20393E
4,202198
4,201 98
$ 220152
4,20197C
4.20208E
4, 20292E
%+ 20155E
4.20377E
».20322€
he 20Z68E
A 20231 E
4.20323E
42 20412E

a0
o0
o0
L L]
L1
-1
as
00
-1
(-1}
o0
ao
ou
-1}
o0
Qo
L 1]
0o
a0
ao
o0
o0
o0
oo
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88

201
202
203
204
205
206
207
208
209
210
212

212
3
2L
215
Its
nr
218
219
220

2

2n
223
22&
25
2en
227
2z8
229

238 °

231
232
2313
234
235
236
23T
238
239
40
241
242
bL> ]
284
M!S
280
anT
248
FL g
150

=3.99521E 00
=3.01394E 00
=-3.99110¢F ad
-X.HITS59E 00
-3 JATIGE OO
~¥.5357T7€ A0
~3«27100F OO
=2« MI10E QO
-2« 5B495E 00
-2a14830€ 0
-1.70388€ a0
=1e 23364E 00
~Ta45312E-D1
—2.,4T235E~-01
?+419%39E-01
7+ 445 313E~1
1223889 Q0
1.70201E @D
2213331E 60
2.,56TAJE OD
2.94484E Q0
J:26840E Q0
3.32048E a0
Fas FAJBOE QO
3.89911E a0
J.S9SME 00

4.31974E 00 .

4. 8T92E DO
4.40531E OO
4. 2T7130E 30
da Q74 0OE OO

A.8K229 00

3. 36030 40
3. 22TITE 00
2856008 &0
2+.4589TE 90
2.03070E DO
1. 377908 00
1117922 40
Sa 3S984E-D1
L. N1048E2-01
=3.79793E-31
=84 7TS5AIE-0OL
=1.35807E 0O
=1+B201T7E &0
~2a« 20088E 00
=2.46T09E OO
=14 0M9ASE 00

~3+39711E 00

=3.TLV18E OO

MACH & NDZILE

(Gwl a28)

ZE = 2, AD800E D]

S.18€808-01
G+ 13514693
=%« 149686-01

‘= 1.022482 00

-1.50431E o1
~1.958506 OO
-2.36562 04
=2, 7S048E 24
~3.08875€ 04
=32, 39751E 40
-3.64558¢ 04
-3.,82720F 04
—3.962%8 ad
~8,045226 70
-%.02364E 00
=2.06337 00
~2.B1510E 04
~J.43381F 04
-3.29832¢ aq
=3.10053¢ OO
— 24760458 00
-2.380596 04
-t.964208 00
~1.408824E 04
-1,002508 00
-5 065696~ 01
- 3. 27TSM1E-03

1.98631€-0L

9. 89SavE—01

1.40902¢ 00

1-9288RE DO

237695 04

2.70865E DO

1.15986E DO

J.49227¢ o0

2.TA437E 04

4.03063E 00

4.221326 00

4.36735€ 00
ATABGE 00
A,83380 00
+.50¢8% DG
.42606E 00
4,30280E OO
4.131568 DY
31,9039 00
A.63462E OO
3. 32BQ6E 00
2.98290F 00
2.9B792E 00

p

2 THZEPE =D
2. TRI4SE~0L
2.79319E-01
2. 79491F-Q1
2.80238E-02
2. 806810 -01
2. 806 TSE-DL
2.804568 =01
2. 8020360}
2.802518=0]1
2. 80390C =01
2. 8039%E-01
28071 PE=OL
2.812885E-11
24 B0245E=-D]
2.8025%9E-01
2« 79412001
2.79519F =01
2. 79391E-03
2.7928TC-01
2479362E-01
BaT932E-01
2.78870=-01
2, 7BSE3E-D]
2+T8181E=0)
2,783 0E-0
Z.91368C-01
2.914306—01

" e P1A4QE=01

2912097601
2. 91295€-01
B.928605-0L
2492342E-01
2.92525€-01
2.,92718E-H
2.93911E-§1
2.931305~-01
2,922 -01
2,9324 FE-01
24 SAABOE=D1
2.97881E~-D1
2. 9aLA0¢-11
2.032316-0)
2, 9317901
2, 933THE -01
2,93281E-01
2.52082E-01
2,929936-01
2,9304BE-0L
2,93000F-01

STEr NO, 8

RHA

S, 9TISIEDE
5. 3ITATTE—DS
S.0802BE-06
5, 082TOE-0C
S.09371 E-08
5+ 10032E-D5

‘S+1001 8E-00

5.99693€-00
5.00322E-06
5. 09393E-08
5. 09596E-04
5. 09604E-DB
S5, 100TEE-06
5, 10907E-D8&
S+ 09305E~06
5. 094 QAE-OS8
5,08152F-06&
S, 083 ) 9E-06
S.08131E-D8
S¢ 1T9TIE -6
5.08DaBE—06
5+ 0A0ISE-DO
2. 0T3ISAE-0B
He QOBALE-DS
5. 00358E=05
5. 0654 5E-D6
S5.23527E-006
5.25TLBE-DS
S.23TI2E~DS
5. 25231 E-06
5.29522E-06
By 2T TREE-D6
. 273302006
Se274S4E-08
5.2761BE-D&
S.230L8E-08
S.284T0E~OS
S. 2832408
Se23399F-08
9. 25668E-06
S. 2922206
5. 28202E=06
Be.23336E-04
S.20280E~06
S 2BSA9E-0S
5. 28408E-08
5 ZB090E-06
S. 279R9E-Q0
3. 2B0E9E-06
5., 2199908

1.00775E
1.097832E
1.097 758
1.09772E
1+097T99E
1.09751E
1.09731E
1=09755E
1.09759€
1+09T59E
1.39756E
1.09736E
1.09750E
1:D9I7AGE
1097598
1.097588
1.09T74E
1a09772E
1097 TAE
1.097 786
1.09775E
1.0977SE
1.39TA3E
1.097908
1.09T736E
1.09793E
1.09583E
L033B2E
L0955 1E
1.0955%E
1409564
1.0953TE
1:.09582€E
1.09581F
1.09%36E
1+09534E
1.00529E
1.09531E
1.09530E
1.09528E
10952008
1.09532E

1209530E"

11 .09S31E
1:09528E
1:09530E
1-09533E
1.09535E
12099 34E
1 =095 ME

o3
e3
o3
3]
o3
a3
o3
03
o3
1]
o3
43
o3
93
o3
-k ]
na
o3
03
03
03
03
03
o3
oz
a3
a3
a3
[} ]
o3
o3
o3
o3
a3
o3
03
03
o3
-} ]
o3
a3
a3
o3
03
03
(3]
03
3]
o3
03

THETA

2.58137E-02
2.72973E-07
2,560T4E-D2
2.451196-02
2.30470E-D2
2,18588E-02
1 .98 Z44E-02
1.7Ta4A02E-02
1.629888 =02
1 . ASDEVE-02
1.18683E-02
8. 787756-03
B.DATSEE-03
1.60018E-03
-2.25026E-03
-4.83586E=03
~T+53IS4E-03
—1.02779E-02
-1.331319E~02
-1.62362E-02
-1.880922-02
-2.07269E-02
~2.301272-02
=2.34259E-02
-2.476796-02
~2.546186-02
~1a31312E~02
1471084802
-1.30100€-D2
—1423026€-02
~1.258719E-02
=1eG1000E-02
~1401551E=02
~9.85288E-03,
~8.90536E-03
=7.553776-01
—6a122326-03

~2.290036-02
-7.TT176E-04
~2.T1609€-04
74907 TSE-04
1.97980E-03
3.277T18E-D3
4.TZTEAE-03
6.5836 2803
B.61640E—0Y
2. 974296-03
9.80889E=03
1.030B1E-02

~1.,5580%6E=03
T« D3IOAE- D
 2.78987E-03
5.30%49E~-03
Bs26729E~03
1a1893%E-02
1.51238E-02
1.8038BE-02
2.06672€-02
2.21400E-02
2.28560E-02
2ed013%=~02
2.390875€-02
e WDISE-02
2.34%208-02
2.48280E-02
2+ 392 4LE~-Q2
Z.a40456-02
2+21900E-02
12902 28E-02
1.73721E=02
1a43S53E-07F
1.09923E-02
9,18410E~03
6.91311E=03
3:71113E-02
-6sBL1THE—OS
=12 TROASE-OF
~3:41942E-03
=4 ABS6TE=0F
-5,.78140E-03
~8.130 P5E-03
«T7+36140E-03
-8, 88071E-0
-9,91115E~03
-1.09266E-02
—1s20806E-02
=1 3TOBBE=DR
=Ls3B8ATIE-DZ
~1s26541E=02
-1:16703E-02
-1.31871E~02
=1.30485€~02
=1 .2853%E-D2
=1+24T7IE-02
=1+ 24913E-02
=1.18188E-02
~9.68444E-03
~7« 72090E-03
“6.783688-03

4.20434K
&-20%03E
4.204238
3420 3B8E
4.20227E
4.20120¢
4.20133E
a.20180E
4,20234E
a.zoz2ae
4.20194E
A.zZD193E
4.20124€
4.20003E
4.20225E
4.20222E
4220403E
420300
A.20008E
4.204308
4. 20414E
s.20822€
4.20519E
s.20598E
4.30858E
&y 2064 DE
aa17897€
4.1 7B883E
4.17882€
&417809€
as17912E
4, 17502E
84176578
4176406
4.178L7E
3.17561K
A1 TAQTE
4a17318E
&.17313E
A.174708
&al1T3AZE
41 7335E
A 1 T7S18E
4u17S27E
42174B7E
4.17307E
a.17851€
4.1 TSESE
4417S54E
AL 1TSBAE

on
oo
o0
0a
[ 1]
1]
L]
o
oo
0o
ae
o0
op
a0
an
an
-1}
-2
ad
L
o0
oo
o9
a0
a0
a0
90
-1}
09
ao
L1
oc
[ 1
f0
90
a0
-1
a0
o9
an
20
00
oa
00
R0
00
oo
o4
oo
o0
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291
232
|3
254
E. 1]
255
257
298
39
260
241
282
263
284
285
68
a7
268
269
2Ty
27
E
ar3
274
T3
are
27T
2ra
279
280
281
282
283
284
263
206
207
288
289

290

)0
292
293
293
298
208
297
294
299
150

=34.97710E oD
=44 1R9OSE 0D
-8 ,3492 ¢ 0O
=4 4SAKAE 0
44504359 a0
—4.50L50E DO
-k o 45331E 00
=R IWZ2IE 0Q
-k o [9O9SKE DD
=1.974D4E 00O
=3, 71L91E Bo
-3« IG7SBE DO
=3.00001L 0D
-2.665988 00
-2. 26003 DO
-1.81940F 00
=1, 356]4E DO
-8, TOIT?F=01
-3.81739E-01
la IISSSE~Q1
S.31691E-01
1.11985F QO
L4 5PO3SE 80
2.0283T7E DD
2. 454QTE 09
2.8095313E a3
3.22¢15E 00
3.345355F oo
3.8516DE 0O
S, 0T385C oD

4.27152E 00.

4, 80569% BQ
2,88B03F 00
8.97253E 0§
A, QATIRF 0O
4.87441FE 00
&,TH207€ OO
8,582a1E B0
4 ATI2RE QO
4.1020TE 00
3. 79435E 00
X,ASG20E OO
2.08629E 0O
Z.068TARE 00
2.,25970E a0
1.509A8E Q4
1.34030 04
f.T1H2SE~O]
Y. 6eT72E=01
=1 4551 9E~-01

MACH & nOZILE

(5=1.24)

TE . 2.80000€ O1

2.15395% 00
1«8951F 00
12201 7E 0D
Te33235E~-01
2.30035E-01
-2.44419E-01
~Te34110E-01
=1.22111E 0O
- 1.69559€ a0
~2.15413E 00
~2.58A2%9E 0D
- 2. 90287 o
=332958 Q0
-3.563451E 00
=J.9057SE 00
=4.13193E 00
-4+ 29992 00
=4.423182 0D
— 4. SOUBAE 00
=-4,32555E 00
-4.47T29E DO
-4 371 O5E 0O
=4, 22Z4TE 00O
—4.03047% DO
=-1. TA43%E a0
-3+ 492 T2E 00
=3+ 15048E 00
-2.7HGME 0O
-2« 37TSLE 00
=1+925S09E 00
=1:8%8988E Q0
-9.8¢333E-1]
~ 4, JOSEEE- 0T
~8a13480E-05
4,941 79E-01
9. B34 09E—0O1
1.45504E DA
1.93021E 09
22 36633E DO
2,81027 oo
3.21412€ 0Q
J.STS1E OB
3,89814£ 00
410423 00
4.4301¢E 00
4.463200E 00
4. TBGO4E DY
4. 86531E 00
4,958TTE 00
‘AL9TASTE 00

P

2,92827E-01
R2a92712E-01
2,92573E-01
24927968C-01
24 92800E—01
2. 9281 8E-01
2.92862€=01
2:.92791E-01
2.93133E~-01
2e93332F 01
2+ 935S76E=01

2aW3866E=01

2.938586-01
2:93T1% =01
2,92897E~01
2.935910£-01
2.935893E-01
2+ 94A0E—01
2.93795E—01
2.93682E~01
2.93480E-01
2,931 408 =01
2493024E=01
2.92938E-01
2492653801
229 ISAE=D]
2.9227ZE~01
2.92216E-01
2,92581E-0)
2+ 91099€-0%
2.91671E-01
2.91371E-01
2,91 399€-01
3,03216E-01
3. 032R8E-01
31,033TAE~=01
3. 03438601
3. 12890E=01
1.04]133E-01
24 042D6E-01
3.04262E-3]
3. D48 PYE=D]
3408 754E =01
3.04988E-01
3. 052956-01
3J.0Ez282E-01
3,05251E-01
3. 05123601
2,05143E~01
3.08224E-01

STEP NO.

Ba 2T 70BE~-06
S 27501 E-05
5, 27376E=06
3. 2TTOSE-OG
Be 2?'{“5-06
Se ZTAAGE—DS
2. 2779900
S 2TG95E-QO
s.231 PAE-DE
S.28481E-06
S.26836€-06
5. 289560806

8. 289BLE-D6.

5+ ZD0IBE-D8
5. 29302E~08
S« 29335E-00
5. 2084 2E=-08
5. 2871 0E-DE
S 291 55E-06
5. 28991E-D5
S 2889 TE-OD
5.28203E-04
5 2003SE-06
5.27T910E-00
S+ 27493€E-08
S. 27061 E-08
5. 28941E-08
S 26 B50E-06
S« 27191 E~00
5.2%235E~06
S Z006TE-DE
5. 25632E=056
8. 236 T2E-06
S:42TSTE=DE
Sa 42901 E-D8
54 43030E-08
S« 4311 TE-DE
5 42326E-25
Sed&]189E-08
8,4A225E-06
S.44307E-38
2. 44505 E-DE
Se#3024£-D6
S+ 43353E-08
S 45739E-06
S.45778E-06
B ASTOAE-DG
S« 45540E-D6
S.43605C~08
5. 45894 E-06

TE

L-DISATE

1+09582E
1-R9%38E
1095308
14095018
1=0953TE
L-09538E
1.09532€
L.09529¢2
1+09324E
L O9ST3IE
L-09%23E
1:09522E
1409519E
109519
1:09524F
1:09526E
1.0992LE
1.00823E
1.09826E
1.29532E
1.09538E
1.09535E
1.005940E
14095468
1s09SA7E
1.09948E
1.09542E
1 09367E
109357
1+09553E
1=09362E
1.093560E
109359E
1.0935TE
1.09%58E
1«09 36EE
| n09348E
14093438
Le09 I82E
1=09 315
1.09334E
1=0%3E
1+09326E
1+09325F
1.09328E
L«09328E
109327
1.093258

o3
03
03
o3
[}
ax
03
o3
o3
o3
o3
a3
a3
a3
o3
a3
a3
[ 2]

THETA

1.10808E-02
1.16428E~02
1a22537E~02
1+ 28426E~Q2
LA 2ETIE-AZ
LidAGL2E-0R
L.32228E-02
L+ 22563~ 02
J«14032E-02
1.09068E-02
13198 1E~D2
D TRABOE-D
9,91250E=-01
8,58098E-03
6.57630€-03
£;734Z4E-01
3. 30661E~-03
2 .,00%93E-03
1.,3527TE-01
S,182808E-04
=7, 00304E- DA
—-2.38897E~03
—4 .. 58640E-03
=G 2492 TE-DY
=T7.72036E~0 3
-9,0T219E-03
=1.00145E-02
~1.02998E=032
-1.02007E-02
=1 2TAMGE-D2
=129%438-02
=1,30801E=-02
=13 ¥15E-02
=~ X, S3ZA51E-08
-3.32982E-D8
-ZuBA6I2E-D8
-1 .9TDOSE~0%
-1 2716QE-05
1.943512E-04
~8.562T6BE-D4
-1.125343E-03
-1.07821E=03
~9,53690E-04
~T.55923E-04
=64 LAGTOE~O4
~1.S4991E-Q4
Q.01252E=-04
1+ 2070SE-03
4.36TIVE-O4%
~B842B8%53TE=-0%

~3.9EM00E-D]

=S Z0RA0E-3

=823 TAE~-D3
~2,921 04E-03
~1+195681E-03
1.93840E-D3
3 IR249E=-0)
4, 50959 -D3
S.J2224E-01
6. 0030701
&+ 7CAQBE~DD
T+4L897E=D3
9.56120M-03
LsLRQ91E-D2
L. 23480E-02
1e28826E-H2
1. 29338E-D2
1.:26853E~02
1.20386E-02
1,238 TIF=02
1.29140E-02
1. 37484F-02
1.39215E-02
1.,29578E-02
1.48712E-02
9. 82900E—-03
B.T2070E-023
T« 18955603
S.9ST2TE-03
S.62084E-03
S.31522E-03
Ja2508%9E-03
1 «6a880E-83
~S.TABADE-DS
—2.10871E-04%
=3 H67S2IE-04
=5.31014E=04
=8, T1983E=-0a
=1.09T778E-03
F,4H650E- D4
7.871TE-Ds
S.STEZ02C-08
1,21459E- D4
T+ 200 24E-05
=7.70003E-03
=3.1301 4E-D4
B LSETIE-O%
~SeG9218E-04
-1, TU64GE-(4
~3.59400F-04

4217599
4417823
S8.17631E
4.17603E
3.1 TGOSE
44 1TOAZE
4y 1TI92E
4.1T8OTE
4.1 75398
A1 TAGSE
Nal TRAGE
aq.iTe28E
4.1TA30E
431741 8E
A.17381E
4,173ATTE
A LTAAIE
3.1TA84E
#.1THDZE
441 7A25E
ALl TABBE
451 TS35E
441 TB59E
4.173THE
4,1 TAISE
441 TO98E
4.1 TTL2E
4.17724E
4.1 TBASE
A4 1TISIE
4,17835E
4,17897E
4.1789LE
A, 15819
e 1UB0RE
#.1548TE
44158758
4.19583
4.15333E
43 19324F
4.15318E
4132320
a,1421 6E
4,18171E
a.131198
4.18114F
44151285
4.15145E
8.15137E
#,15128

BoODY

YES
YES
YES
YES
Yes
YES
TES
YES
YES
YES
YES
TES
YES
YES
YIS
YES
YES

BO-8L-61-3Q3Y



06

aa

302
303
s
k-1
N6
T
308
3ae
g
nl

iz
313
Il
s
316
ar
318
29
320
321

J22
123
aze
325
LHL
327
320
inm

331

332
133
334
3
56
37
Iss
arw
AaD
341

342
343
344
Ja43
46

=fe 3257 30=01
-1.1127TE 00O
—1.5S831CE 09
-2.04200E CO
~2.4838TE 00
—2.B9476E D3
=3.,27TIANE 0O
~Z.81385E 08
=3.95812E 00
-4, 2IS90E 90
-4, APG05E 0O
—4,8T3ITAE 49
~&,B195SE QD
~34+91780E 00
=4« SLETIE OO
=4« YGE49E 00
~4,91T747E 00
~4.81937E DO
-4 2 6T2ADE 00
-4 . 4T938E 00
—3.23977€ 0D
=3,95717E G0
~3.63283E 00
=3,23TTOLE DO
=2.89773E 0O
—24481TIE 00
=P DI981F 00
=1.58LTAE 00
=1sL1ST3E 0O
=% JEABAE~D]
-1+ 82147E-01
3.66029€-01
8,58B45E-01
LaJIASTTE 00O
1.81038€ 0O
2.25941C 0O
2. 506558 00
A.483%0¢ 00
3. 454028 0D
3,7%34% 90
2.10187E 08
4. 3T311E b0
AL BB2T08 OO
4. PR201E OO
4.8783BE Q0O
4.94TH2E OO

MACH & NOZZLE

{G=L 201

ZE = 2,800900F a1

4.9324LE DO
A.BatEZE DO
2.TL43AE DO
4,53aa2E 00
4.30803 0O
2.04243E 00
3. 7T3863E OO
I.39418E 0O
3,70988€ 03
2459783 00O
2.1%823 D0
1.89914E 99
1.22505 0@
7368 39E- 01
2. WTISE-M
-2, 49588E--0}
=T 27TORAE-O1
=1.22%08E 49
=1.69980E 0O
=2+1%951€ 0D
-2,%59918F 00
=3.01047E 00
~B+T0484E 00
=3, T3STAE Q0
-4.083T2E 00O
-4+308T3E 00
-4, 535 76E DD
-4 71534E 00
-4. O8G10E 00
~8493162E 00
=4.97009€ 00
=4, 95BT1E 0O
—4.8916€ 00
=4, 78603E 40
=4.5314% 0O
-8,43010E 0O
-4,1847T3E ap
-3.89932E OB
=3,57E31E OO
=1.21509E 20
=-2:81117E 00O
-2.J4THHE OO
~1«23070E OO
—1.8852T7CE OO
-9, 03A50SE- O
-4, 9431868-01

e

3. 0%269E-01
J DS TE-01
3.05222E 0|
34 08259E-01
3+ 051 93E~-01
2.04393E-01
S BA99TE-01
2e ATT2E~OL
32 0ATHIE-D1
A+ 03TEHAE=D]
J: 04504E-D1
I 0449 1E-91
2. 04356E~-01
3« 34ATHE ~01
3. 0ABEBE-D1
3:00A3SE-01
3. 02400E~-01
AQ84TIE-1L
3:04T775E~-D]
3+ 05030E-01
3=08314E-01
3. 03306E-01
3. 0B3S8E-01
1:05859E -01
A.03504E~-01
3 057IBE-ON
3:05ST93E-01
3. 05TADE—-AL
3:057T17E-01
3.057BTE-01
J. 051 J4E-01
3. 05322601
3. 04092 -01
24 04997€ ~01
1. 0505TE =01
3.048T4E-M1
A DAL52E-01
2:0840TE~D1
3+ 0AIGRE-DL
I+ 0394 1E-O1
3. 03909F -0
30302101
3A.D2732E-D}
3.03329E-01
T DA} &E-D1
J+0ITGLE-QL

STEP MO

B 43 TEAE-DO
S« 45900E 06
Se 43591 E=08
Se ASTAAE-O8
3. 455652E-08
S+ 4322E-06
S=43380FE-D6
5. AS0AZE-O5
5830 2BE=D5
%4 430J0E-08
S k& 7T99E-O6
S.44836E-06
S48 AZE-00
S.4481AE-06
B.44808BE~DS
Rs 44536 E-06
T 44 TOIE-DO
Se 4451 HE-DB
Se 4504 TE-D&
BS54 1 AE-O8
B2 45823E-D6
S.ASB12E-06
S, ASBSTE-08
S« 46321 E-06
5. 4609TE-08
S, ASA3SE-DE
Sy 4631 ME=DS
TS AGAITE-DE6
B, AGA0RE-DS
B.AGAEZE-OB
S ASSEAE-0
S 43HISE-OB
5+ 45350E-06
G.45341E-04
S.843453E-D8
S.45189E-D6
SeAABOOE-O6
S 443 |SE-Q8
S.AMAADE-DE
S.438ANE-00
S« 4ATITE-BG
S. 43BL4E-08
B 4TINE-DB
Sa 42980E-00
Ba4294Z2E-DO
S.42B81 E-06

b -]

1.89328C
1.09328E
Le093286E
1.09326E
13%727C
1=09332E
1.09330E
109334
1.09338E
1.09334E
L «O33I7E
1.993ME
1:.0%34]1E
1-40339E
1.39330E
1:09340E
1LsQ9X37E
1=79339L
1.09338E
1.99330E
1-RP3I8E
1.00325E
1.09324E
1.09319E
1.09322
100718
109317
1.,09318E
L «.00318E
1.0031TE
L DG I28E
1.093225F
L«D9330E
1.093308F
1:09329E
1.0%332E
1.09336E
L+093NDE
L.0%381E
1.09338E
L.D53sBE
1.00348E
1.0938BE
14093582
1.09358E
109359

or
o3
a3
o3
[} ]
3
[ F ]
[ E]
[ 2]
03
a3
a3
a3
[ =]
93
o3
o3
a3
a3
o3
ax
a3
23
a3
LE
03
a3
83
ay
93
93
L]
a3
03
03
aa
LF |
a3
03
aa
-]
a3
o3
a3
03
a3

THETA

—B.ABTA2E-D4
~9.03791E-0%
-HaS5TROSE-04
=Tei4842E-00
—P.ORALAE-Os
Tadl958E-D8
1.21809E-03
1:1T344E-DD
G ITAGIE-DA
1.85128E=-04
3. 7545TE-D)
T+ITETE-0O7
B, 926 13E-D3
1.318cTE~04
Z.,0A092E=0 4
3 22A0LE-04
1. 693 T6E-0A
S.85620E-08
=1+0033TE-D4
~S.781158-03
1:3394 LE-DA
£.003068 =04
LsloAR6E-03
1+« MOGLE-03
BeQ27ITE~DY
=~2. 18888~ 04
G IBELHE=DL
—B. 257 INE-D4
=9.30681E=04
=32 4340DE-0 4
1436ILE-0N
5.58500E-04
1. 33292E-03
2:93545E-0%
=l l78TBE-O06
~&al3149E-04
—B+23262E-04
—1.03838E~-03
=1+ 19TH1E~0G]
=1 24H22%=03
— 7683 71E-08
lal7415E~-D4
=~ Te02831E~03
=2 ANESE-Q R
-3.17309E-08
=3+ AGASSE-OS

(43 ]

-4, 50202c-08
~S.62T72E~D4
—5481246E- 08
=-4.94898E-08
=5, 643ISE-00
1o10421F-08
T-DLAOGE- D4
TeEA28 004
2.46134F-04
-X.50903E-04
~7.0814-04

=1«L4278E-0)
-1.27813E~03
- 9.8865SE-04
J-3BETE-D4
1.L5412E-03
1«J33673F-03
1-290906-02
8.981T8E-04
4. 28S73IE~04
—Z+2022DE-08
=T7.33248¢-04
=TZIENIE-04
=1+59E13E-04
EBul9E1AE~-O8
S8 2035E-08
S.39102F=04
S.4TIA3E-DA
3+.90L57E-0a
34 3B TE=D4
8. 09230E-08
5.850126-04
E=11823 08
3+ 206286E- 04
T.71187E-08
=iaL4736E-08
—3.91975E-04
=8, 805C W -048
=T+ 2081 4E-04
=-S5 0ZE€I2C 04
S 31996E~08
T+ 2074LE-DOS
A-89101E=04
251 ESE-Oa
B ASETLE=DS

4181t PE
Aa1509TE
el S120F
441511BE
4u13131F
4415192
4,151708
a8, 15214E
415215
4. 15215E
a.152a8E
4e 1 325%E
4. 15293E
4.15271E
44152358
41892 ME
4 1528 7E
4.18872€
4s13213E
4.13183
4+13100E8
4o 151098
#.1509%9E
4.135040E
415070
4 .15023E
4. 1501 8E
&4a18025E
180298
Ax15021E
4213143E
415008
4,181708
4,191 70E
4y 151588
4. 13394E
41523 7E
4.15289E
4. 15295E
4s133THE
4.13303E
4.15380E
4. 1881 AE
4 15496E
4.15899E
4+1551 0E

uo
a0
.1
L1
a0
o0
o0
L1
-1
an
oD
L1
a0
aa
a0
aa
-]
1]
[ L]
1]
an
L1
on
-]
0o
a0
o0
L1
ao
90
a0

o0
oa
-1}
L1 ]
-1}
an
L1

ay
L ]

oo
L]
-1}

aoDy

YES
vES
YES
TES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
vES
YES
TES
YES
YES
YES
YES
YES
YES
YES
YES
YES
s
YES
YES
ves
YES
YES
YES
YES
YES
YES
YES
es
TES
YES
YES
YES

89-84-H1-003Vv
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284
s
e
2T
mnmes
209

Wt

2032
293
294
ws
ron
207
298
9
300
an1
02
302
ana

386
307
308
389
e
ani
M
313
ns
ns
e
T
318
ne
3t
3zl

33
aes
s
328
nr
328

330
an

‘333

334
338
338

MACH 4 NOZNLE

{G=la28)

BODYV POINTS AT JE = 2.40000F 01

4, 9T253E 00
§.04T94E 00
S.37441E 00
&.73207 00
4.38281E OO
4.373248 B0
4, 10287 DO
. TAISE B0
3.45528E 00
3.08629E 00
Z.88T4E OO
2.29970E BB
1.B0940E 00

" LeTAOSOE 00
a.710258-01
3897 TRE-01

-1 ,0551 98- 01

~6.32STIE=G1

~1.11277F OO

~1.5S89106 00

«2:48387E 00
-2.894 T¢E QO
«3.27TTIAE 42
=3.63365¢ 00
=3,95812E 00
-84 23996E 09
—ALATSPSE OO
~4:BYITHE OO
-4« B1988E B0
-4,91780E 00
-8, P6893E 0O
84 DEBASE OB
=491 76TE OO0
-4 BLOXTE B0
-4 .0T249E 00
—4,4TQIEF DO
=4, 23I937E 00
~3.956717E 00
-3.53285E 00
=3.27700E 0D
=2.09373F &0
«2.481TOE 00
-Z22039818 00
~i 2581 TAE OO
=1.1157SF 00
-8 . SEOA4E=01
-1.4214TE=-01
3.660298-01
B.SABASE-0L
1. 3497TE Q0
1.81054E 0O

. 2.29041€ OO

¥

=8, ) A400E-05
- 4+ 541 TOE~01
9. B3409E=-D1
1:48504E 0D
1.93021E 20
‘2« VSEIAE 00

Z+B1037E DO

2« 21412E DO
3.5TS10E 00
3.89B14E 00
4,18423E 00
2.4T018E 00
4, 832008 DO
S.TBSOSE DO
2.BES3IE 00
4. 938T7E 0O
4.970S7E 0O
4. 93Z41E 00
4,806828 0O
#.TIAIAE DO
4330428 DO
4, 30803 04
4.04243F DO
3. TI063XE DO
H3: 39438 DO
J.00088¢ 00
2.59T783E 00
Z.1SBZ3E $0
1.699168 80
1.2280% 00
7+ 350300 -p1
2. 397T95E-01
~2.495048-01

=T« ITRGBE~DL-

-3.225088 50
-1.60080E 00
=2,13981E 00
~2.599188 00
=3,03047E 00
-J.30404€ 00
=3, 739788 00
-8,04373E 00
=8, 30873 DO
—44335T6E DO
~42T1534E 0O
~8,BASIOE OO

=8 931022 00

=&, 97009 0O
—8.95BTIE 00
=&, 8061088 DO
=&. TOSQIE 00
—hobA14VE 0O
=4s4201 08 00

3.03216E-01
3.03z888~01
3.827788-01
3.03438E-01
Je OEEPOE-DL
3.04153E-01
3.00Z08E~D1
Te042e2E 00

. 3a0ASTIE-D

3.04 759801
3J.04980E -01
1. DEIEEE~D1
3. 05282€-01
Y. 05231801
3051 2301
3L.05163E=01
3.03224C 01
3.05289E~31
B3.4538TE-D)
Ja0S2R2E-D1
e O52659E ~01
32 051 9SE-D]
1, 0aaB3E-01
3a 049 7E=D]
3a04TTRE-D1
3. 0ATETE-DY
3.04TEAE=D]
3. §4604E-01
3.004916-01

- BeORIBOE-01

3, 044 TEE-D1
JaD4saNE~-D1
Ju084ISE-01
JeG4600E-D]
BadAATIE-DL

‘32 0ATTEE-D)

3. 05030001
3. 08314€-01
3. 85306E-0]
3.053150E=01
3. tsesTE—D1
3. 08804 02
3.05T38E-01.
3.05793E-01
1.057402-01
3. 0571 7E-D]
.55 TE-O1
3.05134E-0]
3.053228-01
3404902 =01
J. 003 E-D1
J+05057E-01
3. 048TAE=DY

STEF NOs

S.42797E-D6
S.42901E-96
S.43030E-08
S.43117E-08
Sed2320E-00
S.841A0F=08
S A SREE-DS
B, 4430TE=08
S, 44905E-D5
5.49024E~08
5. 43383E-06
8,45 73GE-04
S 4STPRE-OG
S.43T0AE-00
5, 45508E~08
5. 43805E~DS
H.A36E=6
S.4SPSUE=DS

_8,45900E-08

B 4SE9LE=06
B ABTRLE=DS
5, 435692€-08
Bad3202E-086
S.4334TE-O06
BeASOA2E~-00
S,45028€E-06
5. 43030E-05
Se8aT99E-06
S.04835E-D8
LYYV LY
Saa8 L 8E-DS
S.44BABE =05
5. SAGSAE-DS
S.AATIIE-OS
S.MAGLOE-06
S, 4504 TE-O6
S 40014606
3, 4882 3E-D6
S.4301EE-08
S,4588TE-06
Ba 46321 E-08
S.A509TE=08
Se 404 BE-O8
5. 465140E=08
B 4543 TE-06

S 464 04E-08 -

Bad0E2E~DG

By ASSS4E-06

Se ASA3SE-06
S.4936D0E-05
2243361 E-QE
S.ASASIE-06
S, 451 89E-06

Ta

1.09360E 03
1.99359€ o3
1.09387€ D3
1.0931%8E DA
1.09366E 83
L+09348E 03
1.093432 03
‘LeGRI4IE U
1.09333E 03
1.09334€ 03
1.09330E 03
1.00338€ 03
1.09325¢ 03
1.09328E 03

1.09328E 03

1.09227E 03
1.09326E 03
1-09328E. 03
LeDTIASE OX
1.09328E 03
1.09326E 03
1.09327E 03
1.09332F 03
L -09330€ 03
1:09F34E 03
1:09330E 03
L9 334E 63
1.09337E O3
1.093308 oY
1.29341E 03
1:09339E 03
1+D09338E 03
1993408 03
1«0933TE 03
1«.09339E 03
1.09334E 03
1209330E 03
1.0932%E 03
1.09325€ 0}
1.093248 g3
1.09319E 03
1.09322E 92
1.09310€ 03
109317 O3
1.003182 D3
1-09318€ 017
1+.093LTE O3
1 -09320E 02
1.009328E OF
1.09330F 03
1-.09330E a3
1.09329E 03
1.09332E 03

THETA

=3+ 32431E-D4
=3 32952E-04
=Z2.840692E-04
=1+ 9T009E-04
~1+ZT180E=DS
129081 26-04
~B.OETEBE~D4
—1.12685E-03
=1+07621E~D3
= 62690E-08
-7 S502E-04
-8 109 TOE~-D8
~1«34901E-Da
9.01252E-04
L. 20708E-03
*.34FZ9E-04
-84 2882 7E-DA
—JsbATR 20~ a
—QDITRLE-DS
-8 STHOTE=~08
~TelHA42E=04
=2 FOMEAE-D4
Tedl QS0E-04
1.31809C~-0X
1al7344E-023
B.1TAEIE-O4
1.0%1 26E-04
J.T303TE-0B
T2 3TETRE-OT
- SaPPG1TE-DE
1+8185TE=04
Z.93092E- 08
32260 1E=00%
1=692 TAE~ 08
BESL206-08
—1.0053TE~-Q4
=5 761 l0E-0%
1+33981E-08
G.090306E-D4
118828893
13406 1E~D3
B8.0279TE-04
—2.148488=04
~8e35124E~08
=B ESTIGE=DS
~9. 3468 1E-0 %
3. A5G00E-D4
S« 431616E-D4
0.565008-08
1.33292€-03
8.758A5E-04
=1s170TEE-04
-Ge13119E-04

=5y THEARE=DS
=2+ 108 TLE-DA
=38 T3 23E-0H
=S5.3180 4504
=BeTLO43I2-D4
-1+097TSE-02
J:ABEQOE-0
T«8TLTIE-04
S.5TZ0ZE-04
JR1439E=04
ToEABZAE~DS
=T+ TOOUIE-DE
=3 1301 8E~04
=8.19C 71E-D4&
~S.60710M-04
=1. TASAVE~-O4§
=3 £94007 -04
-4.S0192E-04
-G.8277RE-04
=GeS1T4BE-08%
~S«.98065E-0%
~5.890 -0
1-100FLE=04%
ToO1A0DE-Q4
TaS4ZOBE-0R
2o bl J4E~08
=3 50943E-04
~T«03134E~-04
=9 80280E-06
=1-14376E-03
-1«27013E-83
=-9.E5895E-04
3488 TE-04
L+13412F€=0)
1. 5386 73E-4%
L= 29090E-03
H.,9DATRE= D4
4:28973E-04
~2.29R220E-D4
=T« EAZRAE-08

=T«23631E~04

-1.5%623E-04
8. L9614E-08
6.62035F-04
G5+ 3910ZE-04%
S.E7IARE-08
3.9058TE-Q4
3334 TE-DR
. 09230F=04
S.08%0126-08
Gel1E23F-04
S 2EFORE-04
T 718 TE-OE

© AalBNLoE

42 19504E
49 L SABTE
4,184 THE
44+ 19983E
4.15330E
4 .I3IRAE
S+ 10310E
84150232F
4. 15206E
L1861 7LE
351108
$218114E
S,151208
. 19145E
4. T5130E
S AGLESE
a.isLITE
& 183D97E
s lB1ZAE
41911 BE
4.15131E
4:19192E
A8 708
4.19214E
4,1521%e
L. 152156
8. 1BPABE
R 19008
S I52VSE
«132TIE
S.1523%€
S 19270E
2.1324TE
A iB2MRE
. 15213F
4213163E

S.15108E -

4.1514%9E
&,18099E
&yl BOSOE
A.1%5070E
491 3025E
S.13014E
4.15025E
$2.15029E
sl.AE021E
413143E
4a181006E
4,131 0
$.151 TOE
h,1851 88"
$a13194E

89-84-H1-203V



26

3T

R.40585e
J.00330E
A A3 RE
3. TO389E
4.10187E
4a3TIIE
4« SOZTOE
A TES201E
4.07A3BE
SO TURE

=4  BATEE OO
—-3. 89932 &
=2 STHIE 00
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AEDC-TR-78-68

NOMENCLATURE
Speed of sound
Static enthalpy
Distance along bicharacteristic
Bicha?acteristic coordinate system
Mach number
Unit normal to bpdy aurface in z, %, y directions
Pressure
Velocity

lq |

Throat radius of axisymmetric nozzle
Gas constant

Tempergéure

X component of velocity

v component of vélocity

z component of velocity

Carteslan coordinate system
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AEDC-TR-78-68

g8 Mach angle

Y Ratio of specifié heats

§ {?arametric angle for bicharacteristic

8, ¢ Flow angles defined in Fig. 1

P Density

SUBSCRIPTS

i i =‘1, 2, ..., refer to quantities at given points
ta Stagpation conditions along streamline
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